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FOREWORD 


Thirty-four  years  as  a  teacher  of  second  year  students  in 
neuropathology  has  taught  me  a  great  deal.  Because  of  the 
awesome  complexity  of  the  nervous  system,  one  must  empha¬ 
size  principles  and  leave  out  much  factual  material.  In  short, 
one  must  simplify  and  schematize;  frankly,  of  course.  The 
anatomy  and  physiology  of  the  brain  should  be  taught  with 
the  pathology^  In  the  official  curriculum  each  may  be  put 
into  a  separate  compartment.  For  effective  teaching  they  are 
inseparable. 

The  book  is  written  to  give  to  practitioners  and  students 
of  medicine  the  facts  and  correlations  needed  to  understand 
the  simpler  workings  of  the  central  nervous  system.  In  truth, 
little  more  than  these  simple  mechanisms  is  thoroughly  under¬ 
stood,  and  even  some  of  these  are  still  controversial.  Thus, 
adherence  to  principles  that  are  fairly  well  established  has  kept 
the  book  small,  for  it  has  been  my  aim  to  mention  only  those 
anatomical  structures  the  physiology  of  which  is  known,  to 
discuss  only  physiological  processes  for  which  there  is  a  fairly 
well  substantiated  anatomical  basis,  and  to  describe  only  the 
pathology  that  has  fundamental  significance.  References  are 
given  for  the  reader  who  would  study  details.  The  book  is  a 
preface,  to  start  the  student  with  a  three  dimensional  orienta¬ 
tion  towards  neurology  and  psychiatry — a  brief,  concurrent 
anatomy,  physiology,  and  pathology  leading  up  to  a  descrip¬ 
tion  of  some  of  the  principal  disease  entities. 
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PREFACE  TO  THE  SIXTH  EDITION 

In  the  preface  of  the  fifth  edition,  it  was  noted  that  there 
had  been  so  many  advances  between  1948  and  1952  that  a  large 
part  of  the  book  had  to  be  rewritten.  This  is  equally  true  of 
the  last  four  years.  Feed-back  and  central  modulation  of 
sensory  perception  have  changed  one’s  comprehension  of  the 
physiology  of  reflexes.  Neurochemistry  has  become  an  im¬ 
portant  field  and  bids  fair  to  revolutionize  neuropathology.  At 
the  present  writing,  only  the  broad  outlines  have  been  sketched 
in  Chapter  I  and  some  special  chemical  investigations  have 
been  referred  to  in  Chapters  VIII,  IX,  X  and  XI.  The  recent 
experimental  and  clinical  work  on  the  brainstem  and  centren- 
cephalic  system  has  led  to  changes  and  additions  to  Chapter 
VI.  A  discussion  of  pain,  as  the  most  important  single  topic 
in  medicine  has  been  introduced  into  Chapter  III.  In  Chapter 
XIV,  suffering  is  discussed,  and  some  of  the  human  reactions 
to  pain  are  viewed  in  this  setting.  The  opportunity  to  work 
closely  with  Drs.  J.  C.  White,  William  Sweet  and  Frances 
Bonner  on  problems  of  intractable  pain,  gave  the  impetus  to 
the  writing  of  these  new  passages.  At  the  end  of  Chapter 
XIV  the  author  hopes  he  may  be  permitted  to  enjoy  his  short 
flight  into  philosophy  where  he  expounds  the  monistic  point  of 
view  towards  medicine. 

To  the  various  colleagues  who  have  helped  me  with  their  sug¬ 
gestions,  and  criticisms,  I  offer  my  sincere  thanks,  especially 
Drs.  M.  A.  B.  Brazier,  Byron  Waksman,  E.  P.  Richardson, 
Bertram  Silverstone,  Alfred  Pope,  Charles  Kubik,  J.  C.  White, 
and  W.  G.  Lennox.  Working  together  has  been  a  joy,  so  I 
can  say  with  Chaucer,  “And  gladly  wolde  he  lerne  and  gladly 
teche.” 

Stanley  Cobb 
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INTRODUCTION 

Neurology  is  the  study  of  the  central  nervous  system  and 
its  far  reaching  neurons  in  the  peripheral  nerves.  Neuro¬ 
pathology  is  more  particularly  the  study  of  the  processes  that 
cause  abnormality  in  these  structures.  Since  the  brain  is  the 
organ  of  mind,  one  can  state  in  an  analogous  way  that  psy¬ 
chology  is  the  study  of  the  mind,  and  psychiatry  the  study  of 
the  abnormal  mind.  Obviously,  for  the  student  to  understand 
any  one  of  these  subjects  he  must  have  a  working  knowledge 
of  all  four.  The  present  task  is  to  review  enough  of  the  normal 
fundamentals  so  that  the  brief  descriptions  of  the  disease  proc¬ 
esses  are  intelligible. 

In  this  year  of  1957,  however,  the  definitions  given  above 
are  too  simple  to  be  accurate;  the  terms  are  not  definable  in 
any  way  that  will  meet  with  general  acceptance.  Psychology 
and  physiology  are  two  disciplines  with  many  overlapping 
problems  and  data.  One  of  the  greatest  recent  advances  in 
psychology  was  made  by  Pavlov,  a  physiologist  who  would  not 
admit  that  psychology  was  a  science!  Neurology  and  psy¬ 
chiatry  obviously  have  many  fields  in  common,  but  some 
neurologists  and  psychiatrists  tend  to  draw  apart  from  each 
other  and  leave  a  no-man’s  land  between  their  domains.  Only 
a  few  hardy  leaders  among  neurologists  really  master  this  field 
where  perceptions  begin  to  have  meaning  and  where  deficits 
cause  agnosia,  apraxia  and  amnesia.  Many  modern  psychia¬ 
trists  are  so  busy  trying  to  puzzle  out  how  to  study  “the  patient 
as  a  whole”  that  they  have  to  call  a  neurologist  to  analyze  an 
aphasic  disorder.  The  use  of  the  word  “mind”  brings  up  a 
host  of  problems  as  to  what  processes  are  mental,  what  is 
consciousness,  is  consciousness  the  same  as  mind?  New  points 
of  view  are  continually  emerging  and  disturbing  the  neurologist 
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and  psychiatrist  who  had  too  soon  settled  themselves  into 
orthodoxy.  All  this  unrest  is  wholesome  and  stimulating, 
but  it  is  at  first  very  confusing  to  the  student.  For  the  pur¬ 
poses  of  this  introductory  book,  I  shall  have  to  admit  that  many 
terms  are  not  now  definable  and  leave  it  to  the  common  sense 
of  the  reader  to  grasp  my  meaning. 

The  problem  of  neuropsychiatry  is  a  great  one;  nervous  and 
mental  diseases  probably  have  about  seven  million  victims  in 
the  United  States  today;  the  number  of  patients  with  severe 
psychoneurosis  is  very  difficult  to  discover  but  it  probably  adds 
several  millions  to  the  7  million  estimate.  The  economic  bur¬ 
den  is  enormous  and  is  apparently  increasing;  it  is  imperative  to 
learn  more  about  the  causes  of  these  diseases  so  that  therapy 
may  be  improved.  When  one  undertakes  the  study  of  neu¬ 
rology,  psychiatry,  and  neuropathology,  his  practical  aim  is  the 
cure  of  nervous  and  mental  disorders.  The  field  is  so  broad, 
however,  and  includes  such  a  variety  of  problems,  that  it  is  well 
at  the  beginning  to  visualize  clearly  the  relationships  of  these 
three  to  other  branches  of  science  and  to  one  another  (1). 

A  diagram  may  illustrate  the  relationships  between  psy¬ 
chiatry  and  certain  other  sciences  (fig.  1).  Psychiatry  is  repre¬ 
sented  as  a  pyramid,  its  apex  being  philosophy  and  its  base 
physics,  anatomy,  and  chemistry.  Any  other  science  could 
be  similarly  schematized  as  a  pyramid;  for  each  the  apex  would 
be  philosophy  and  the  base  would  be  made  up  of  the  more 
exact  sciences  in  which  measurable  data  are  used.  Putting 
all  these  completed  pyramids  together,  apex  to  apex,  would 
make  a  polyhedron  containing  all  knowledge;  it  would  have  a 
shell  of  science  and  a  core  of  philosophy.  For  the  psychiatric 
pyramid  one  may  indicate  anatomy,  physics,  and  chemistry 
as  the  ultimate  though  remote  supporting  blocks.  Built  on 
these  are  blocks  of  physiology,  neurology,  experimental  psy¬ 
chology  and  pathology.  These  studies  are  all  basic  and  are  well 
founded  on  controllable  observations.  If  one  wishes  to  build 
higher,  to  things  mental,  one  must  leave  above  these  funda- 
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mentals  a  wide  hiatus,  because  of  a  void  in  present  knowledge 
that  makes  investigation  in  human  psychology  and  psychiatry 
difficult  to  control  scientifically.  So  in  this  pyramid  the  men¬ 
tal  sciences  lie  above  the  void,  indicating  that  they  are  as  yet 
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Fig.  1 


only  feebly  supported  by  the  fundamental  sciences.  Psychi¬ 
atry,  nevertheless,  has  accumulated  a  great  many  data  by  ob¬ 
servation.  The  psychiatrist  knows  much  about  what  occurs  in 
abnormal  minds,  but  little  about  why  and  how  it  occurs.  Psy¬ 
choanalysis,  though  of  recent  birth,  has  also  accumulated  a 
mass  of  observations,  but  these  are  even  less  controllable  than 
the  data  of  general  psychiatry,  because  the  slowness  of  the 
method  makes  difficult  the  collection  of  large  numbers  of  cases. 
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Theoretical  psychology  has  a  place  in  the  pyramid  above  psy¬ 
choanalysis,  leading  to  the  most  abstract  and  universal  of  all 
subjects,  philosophy,  at  the  apex. 

When  these  disciplines  or  departments  of  study  are  arranged 
in  this  way,  one  important  principle  immediately  becomes  ap¬ 
parent:  the  divisions  between  departments  are  purely 
arbitrary.  For  example,  anatomy,  physiology,  neurology  and 
experimental  psychology  differ  from  each  other  merely  in 
emphasis  and  methods.  The  divisions  are  necessary  for  ad¬ 
ministrative  purposes  in  a  university  or  in  a  hospital.  Further 
than  that  they  mean  nothing.  They  have  no  biological  sig¬ 
nificance.  Too  often  one  hears  even  mature  physiologists 
say,  “But  that  is  psychological — ”  as  if  departmental  lines 
absolved  them  from  thinking,  and  from  realizing  that  much 
psychology  is  nothing  but  a  more  complex  physiology,  in  short, 
cerebral  physiology  rather  than  the  physiology  of  the  nerve- 
muscle  preparation.  For  example,  much  work  done  in  de¬ 
partments  of  psychology  is  classifiable  as  experimental 
neurology  and  three  of  the  greatest  contributions  to  psychiatry 
of  the  last  fifty  years  have  been  made  in  physiological  labora¬ 
tories:  Pavlov’s  work  on  conditional  reflexes,  Cannon’s  in¬ 
vestigation  of  emotional  reactions,  and  the  recent  work  on  the 
brain  stem  by  Magoun,  Hess,  Jasper,  and  Penfield  (2).  Medi¬ 
cal  sociology  is  recently  taking  its  place  in  psychiatry.  One 
cerebrum  does  not  function  alone  in  society  so  the  effect  of  one 
active  brain  upon  others  must  be  studied;  the  study  of  inter¬ 
personal  relations  is  becoming  increasingly  important  in  psy¬ 
chology  and  psychiatry. 

But  to  return  to  the  void  in  the  center  of  the  psychiatric 
pyramid.  It  is  here  that  research  must  be  carried  on  for  many 
years  in  order  that  block  after  block  of  facts  may  be  built  up 
to  explain  the  observations  and  to  support  or  refute  the  theories 
now  promulgated  in  psychiatry  and  in  psychology.  Many  of 
these  theories  are  probably  correct.  Indeed,  correct  explana¬ 
tions  are  often  discovered  years  before  proof  is  available. 
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Charcot,  Freud,  Janet,  and  Prince  seem  to  have  hit  on  truths; 
their  formulations  are  supported  by  clinical  evidence,  but  at 
present  their  theories  have  little  support  in  experimentally 
controlled  observations.  This  is  no  reason  for  saying,  how¬ 
ever,  that  accurate,  controllable  methods  never  can  be  applied 
to  the  observation  of  human  behavior.  It  is  because  the  science 
of  psychiatry  is  young  that  it  seems  too  complex  for  qualita¬ 
tive  analysis.  All  sciences  pass  through  an  infancy  in  which 
qualitative  analysis  alone  is  possible  (3).  Seventy  years  ago 
neurology  was  just  beginning  to  be  recognized  as  a  science; 
with  extraordinary  rapidity  the  main  facts  have  been  learned, 
first  by  anatomical  methods,  later  by  physiological.  Neu¬ 
rology  may  have  a  pyramid  of  its  own  or  may  be  used  as  a 
support  of  psychiatry,  for  psychiatry  is  the  oldest  of  the  medical 
arts  but  the  youngest  of  the  medical  sciences.  Perhaps  this  is 
because  at  the  top  of  its  pyramid  it  merges  much  with  philoso¬ 
phy,  deals  with  that  vague  thing  we  call  “human  nature,” 
and  sometimes  seems  to  be  suspended  from  above  and  a  bit  off 
its  solid  base. 
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SOME  GENERAL  PROBLEMS  OF  ANATOMY 
AND  PHYSIOLOGY 

The  basic  anatomical  structure  of  the  nervous  system  is  the 
neuron.  It  is  composed  of  a  cell  body  with  long  processes,  the 
axon  and  the  dendrites.  The  whole  is  covered  by  a  cell  mem¬ 
brane.  The  cell  body  contains  a  nucleus  and  a  nucleolus.  In 
the  cytoplasm  are  also  found  neurofibrils,  mitochrondria  and 
large  blocks  of  chromophilic  substance  known  as  Nissl  bodies. 

Nissl  first  described  these  in  1892  and  his  cresyl  violet  stain 
is  still  used  to  show  their  variations  in  size  and  distribution. 
The  metabolism  of  nerve  cells  is  almost  entirely  dependent 
upon  carbohydrates  brought  to  them  in  the  rich  capillary  bed. 
Casperson  (1)  proved,  however,  that  protein  is  also  metabo¬ 
lized  during  nerve  cell  activity,  and  pointed  out  the  great  im¬ 
portance  of  the  nucleoproteids,  identifying  some  of  them  by 
microchemical  methods.  Enzyme  studies  are  also  being  done 
so  a  useful  picture  of  chemical  action  in  the  nerve  cell  is  being 
put  together.  When  this  is  accomplished,  one  will  have  a 
much  better  understanding  of  the  nature  of  the  nerve  impulse, 
the  electroencephalogram,  and  such  abnormal  discharges  as 
those  which  cause  fits. 

In  1860,  when  the  general  cellular  theory  of  tissue  structure 
was  young,  the  nerve  cell  and  the  axon  were  thought  to  be 
separate  structures.  Weigert’s  staining  methods  proved  the 
continuity  of  the  nerve  cell  and  the  axon  in  1871,  and  Bethe’s 
intravital  methylene  blue  stain  demonstrated  this  even  more 
clearly  in  1875.  It  was  thought  by  some  good  microscopists, 
however,  that  the  axons  formed  a  continuous  network,  and 
that  the  neurofibrils  passed  from  one  neuron  into  the  next. 
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This  conception  was  not  borne  out  by  the  beautiful  silver 
preparations  of  Ram6n  y  Cajal  and  Bielschowsky  (1903).  By 
1900  most  anatomists  had  accepted  the  three  essentials  of  the 
neuron  theory:  1)  that  each  neuron  consists  of  a  cell  body  to¬ 
gether  with  the  protoplasmic  outgrowths,  axons  and  dendrites; 
2)  that  transmission  of  impulses  is  in  one  direction  only — den¬ 
drite  to  cell  body  to  axon,  and  3)  that  the  neurons  are  the 
structural  units  of  which  the  nervous  system  is  composed  and 
that  they  stimulate  each  other  by  contact  at  the  synapse.  This 
all  seems  so  obvious  now  that  one  can  hardly  understand  the 
long  controversy.  It  was  Harrison’s  definitive  demonstration, 
in  1910,  of  the  growth  of  axons  out  from  nerve  cells  in  culture 
that  finally  quieted  all  argument. 

THE  NERVE  IMPULSE 

The  electrical  theory  of  transmission  of  the  nerve  impulse  is 
now  generally  accepted.  Its  slowness  of  conduction  and  dis¬ 
continuity  is  explained  by  the  fact  that  transmission  of  the 
impulse  is  the  result  of  local  electrical  circuits  flowing  between 
inactive  and  active  portions  of  the  nerve.  Each  local  circuit 
acts  as  the  exciting  agent  for  the  next  adjacent  segment  of  rest¬ 
ing  nerve.  In  other  words,  the  nerve  impulse  is  a  reversible 
electrochemical  reaction  in  which  the  nerve  fibers  within  their 
membranes  behave  like  core  conductors  (2).  The  chemical 
change  is  in  the  ratio  of  the  concentration  of  the  potassium  and 
sodium  ions  inside  and  outside  of  the  axon,  the  membrane  of 
which  is  semipermeable.  Sodium  ions  enter  the  fiber  at  the 
moment  of  excitation,  and  potassium  leaks  out. 

One  must  beware,  however,  of  the  too  facile  comparisons  of 
the  nervous  system  to  electrical  systems.  They  have  led  to 
confusion  and  an  unjustified  belief  that  the  nerve  impulse  is  an 
electrical  current.  It  is  unlike  such  a  current  because  the 
energy  for  the  transmission  of  the  impulse  is  derived  from  the 
nerve  itself  and  not  from  the  stimulus.  Also  the  nerve  impulse 
is  a  discontinuous  process  with  a  slow  rate  of  transmission  of 
the  order  of  30  to  130  meters  per  second. 
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The  chemical  theory  of  transmission  postulates  that  the  sud¬ 
den  formation  of  acetylcholine  causes  an  increase  in  permea¬ 
bility  of  the  axon  membrane  wil-h  a  fall  in  resistance  and 
resulting  depolarization.  The  acetylcholine  is  then  destroyed 
by  cholinesterase  and  polarization  is  then  restored.  Such  a 
process  was  thought  by  Nachmansohn  to  take  place  from  region 
to  region  along  the  axon.  It  is  still  the  best  explanation  of 
transmission  at  the  synapse  (3). 

At  the  neuromuscular  junction  cholinesterase  is  found  in 
greater  concentration  than  elsewhere  in  the  muscle,  and  the 
junction  is  exceedingly  sensitive  to  acetylcholine.  Probably 
the  current  How  that  stimulates  the  muscle  fiber  is  dependent 
for  its  development  upon  the  formation  of  acetylcholine,  which 
is  inhibited  by  the  enzyme  cholinesterase.  Thus  the  trans¬ 
mission  at  the  neuromuscular  junction  is  a  special  phenome¬ 
non  and  cannot  be  used  as  a  prototype  for  transmission  of  the 
nerve  impulse  in  the  axons. 

NEURON  CIRCUITS 

The  concept  of  reverberating  circuits  within  the  central  nerv¬ 
ous  system  has  been  of  primary  importance  in  bringing  physics 
and  mathematics  to  bear  on  neurology.  Forbes  in  1923  first 
suggested  that  neurons  connected  so  as  to  make  circuits  might 
have  important  physiological  functions.  In  1930  Kubie  pointed 
out  the  great  theoretical  implications  of  closed  circuits.  The 
anatomical  basis  was  found  in  the  beautiful  silver  prepara¬ 
tions  of  Ram6n  y  Cajal.  Finally  the  work  of  Lorente  de 
N6  from  1934  to  1947  brought  both  physiological  and  an¬ 
atomical  methods  to  bear  on  the  problem  and  provided  the 
data  needed  by  Wiener  (4)  and  his  associates  to  develop  “Cy¬ 
bernetics.”  Before  this  time  the  general  conception  of  func¬ 
tion  within  the  nervous  system  was  based  on  the  picture  of  the 
telephone  exchange — input  coming  from  sense  organ  along  a 
line  of  neurons  to  central  exchange,  and  out  again  along  another 
line  to  the  effector  organ.  It  is  now  realized  that  this  only 
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roughly  and  inadequately  schematizes  the  main  afferent  and 
efferent  neuron  systems.  Practically  all  long  axons  in  brain 
and  cord  have  branches  which  go  to  short  collateral  neurons. 
These  are  called  internuncial  or  intercallated  neurons.  Their 
cell  bodies  are  small  and  their  axons  are  relatively  short.  They 
are  the  small  nerve  cells  plentifully  seen  in  any  section  of  the 
brain  or  cord,  and  they  are  far  more  numerous  than  the  con¬ 
spicuous  larger  nerve  cells  with  long,  main-line  axons.  A 
branch  from  an  axon  may  play  back  upon  the  cell  of  origin,  or, 
more  commonly,  play  upon  several  small  internuncial  cells  and 
through  their  axons,  and  secondary  relays  reach  the  next  effer¬ 
ent  cell  in  the  main  chain.  There  are  thus  series  of  small  nerve 
cells,  beside  the  larger  main  tracts,  with  short  collateral  axons 
forming  many  synapses,  circuits  and  nets.  These  cause  varied 
delays  of  the  nerve  impulses  and  comprise  a  mechanism  for 
summation,  facilitation,  after  discharge  and  inhibition.  Math¬ 
ematicians  like  Wiener  and  mathematically  minded  physio¬ 
logists  like  McCulloch  were  quick  to  see  the  analogy  of  the 
electronic  computing  machine  to  reverberating  circuit  mech¬ 
anisms  in  the  brains  of  animals.  Brazier  (5)  says  that  this 
change  in  concept  of  the  nervous  system  is  so  great  that  it  is 
almost  impossible  to  overestimate  it.  In  brief  it  is  a  change 
from  the  concept  of  a  passive,  static  nervous  system  to  an  ac¬ 
tive  dynamic  one. 

Until  the  cybernetic  theory  was  promulgated,  memory  had 
never  been  explained  by  any  reasonable  physiological  theory. 
Even  now  it  is  only  a  theory.  The  essential  postulate  is  that  a 
neuron  circuit  may  be  set  in  action  by  an  incoming  single  im¬ 
pulse  and  that  the  circuit  may  go  on  reverberating  as  long  as 
metabolism  supports  it,  or  until  other  incoming  impulses  change 
it.  In  the  electronic  computing  machines  one  circuit  is  set  to 
modify  the  behavior  of  the  others  in  response  to  a  certain  sig¬ 
nal.  The  circuit  stores  that  reaction;  it  has  been  set  and  the 
setting  manipulations  are  the  essential  past  experience.  It 
chooses  the  proper  signal  when  it  comes,  having  rejected  all 
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others.  Thus,  the  appropriate  affirmative  signal  causes  the 
circuit  to  act  in  the  light  of  past  experience  and  perform  its 
special  function.  Anatomical  work  indicates  that  nervous 
mechanisms  exist  which  could  act  in  this  way.  If  so,  they 
might  explain  at  least  one  type  of  memory. 

The  theory  of  feed-back  started  in  the  mid-nineteenth  cen¬ 
tury  with  Clerk  Maxwell  and  the  “governer”  on  the  steam 
engine.  Since  the  last  war,  radar  and  self-aiming  guns  have 
been  the  conspicuous  examples.  As  applied  to  the  nervous 
system,  feed-back  means  that  the  activity  of  the  reverberating 
circuits  is  modified  by  the  return  of  some  of  the  output  of  the 
system  as  input.  Whenever  one  reaches  with  his  hand  for  an 
object  a  series  of  signals  flows  back  (as  with  the  self -pointing 
gun),  through  eye,  touch  and  proprioceptive  receptors,  to  in¬ 
form  the  central  mechanism  how  far  the  hand  is  overshooting 
or  undershooting.  The  amounts  of  error  determine  the  return 
input  until  the  error  becomes  zero.  Such  a  mechanism  to  con¬ 
trol  the  search  for  a  goal  is  called  negative  feed-back.  It  ac¬ 
companies  every  motor  act.  Similar  mechanisms  may  be  pres¬ 
ent  in  the  auditory  and  visual  cortical  receiving  stations.  In 
fact  all  intelligent  behavior  might  be  explained  by  such  pre¬ 
dictive  extrapolations.  The  philosophical  implication  is  of  the 
greatest  importance.  Teleology  becomes  an  acceptable  scien¬ 
tific  principle,  for  one  is  dealing  with  a  mechanism  that  allows 
for  purposive  behavior.  A  goal  is  aspired  to  and  may  be 
reached  by  means  of  a  feed-back  into  a  reverberating  circuit. 
In  other  words,  choice  is  acting  on  the  basis  of  stored  past  ex¬ 
perience  (the  “memory”  of  the  closed  circuit)  to  cause  a  voli¬ 
tional  act. 

Recently,  evidence  has  been  accumulated  by  several  neuro¬ 
physiologists  using  refined  electroencephalographic  techniques 
to  show  that  the  input  through  the  sense  organs  may  be  under 
the  control  of  the  central  nervous  system.  It  has  long  been 
known  to  anatomists  that  fine  centrifugal  fibers  run  to  the 
sensory  organs  of  muscle,  the  “spindles.”  Centrifugal  fibers 
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have  been  described  in  the  optic  nerve,  the  cochlear  nerve  and 
the  olfactory  bulb.  Kuffler  and  Hunt  (6)  confirmed  and  ex¬ 
panded  the  earlier  work  of  Leksell  in  Sweden,  to  show  that 
centrifugal  impulses  down  the  fine  fibers  to  the  muscle  spindles 
moderate  the  centripetal  impulses  from  spindle  to  cord.  Granit 
and  Kaada  (7)  went  farther  and  showed  that  certain  centers  in 
the  brainstem  control  the  discharge  of  these  specific  efferent 
fibers  to  the  muscle  spindles. 

Granit’s  especial  interest,  however,  is  the  eye.  He  has  shown 
that  stimulation  of  the  reticular  formation  in  the  mid-brain  af¬ 
fects  the  input  from  cells  of  the  retina  (8) .  Dodt  (9)  has  been 
able  to  bring  convincing  evidence  that  this  control  over  retinal 
activity  is  by  way  of  the  fine  centrifugal  fibers  in  the  optic 
nerve.  Galambos  (10)  has  demonstrated  a  similar  control  by 
centrifugal  fibers  upon  auditory  receptors,  with  a  center  in  the 
brainstem.  Rasmussen  (11)  described  an  anatomical  pathway 
ten  years  ago  and  has  now  worked  out  the  feed-back  connec¬ 
tions  of  the  auditory  systems  by  physiological  techniques. 
Finally,  recent  experiments  by  Kerr  and  Hagbarth  (12)  have 
shown  that  centrifugal  fibers  run  from  the  anterior  commissure 
to  the  olfactory  bulb  and  have  a  control  over  olfactory  recep¬ 
tion. 

Central  modulation  of  sensory  perception  seems  to  have  been 
proved.  When  one  understands  this  mechanism  and  superim¬ 
poses  it  on  the  negative  feed-back  which  affects  motor  out-put, 
the  workings  of  the  nervous  system  are  shown  to  have  new 
complexity  and  a  new  beauty  of  design.  This  makes  the  stimu¬ 
lus-response  concept  of  psychology  seem  naive  indeed.  The 
advance  in  psychological  thinking  made  by  the  understanding 
of  reflex  mechanisms  is  no  longer  good  enough.  The  study  of 
reverberating  circuits,  feed-back  controls  and  central  control 
of  sensory  perception  has  not  only  made  a  great  advance  in 
the  understanding  of  neurological  and  psychological  processes, 
but  has  explained  the  functions  of  many  neuron  systems  that 
had  been  seen  for  years  but  never  understood.  Moreover,  it 
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can  be  maintained  philosophically  that  an  understanding  of 
the  physiology  of  perception  is  the  basis  of  psychology  and 
hence  of  psychiatry. 


NEUROCHEMISTRY 

An  important  aspect  of  neurochemistry  is  the  study  of  the 
distribution  of  enzymes  in  relation  to  the  anatomical  structure 
of  the  brain.  The  relatve  activities  of  enzymes  can  be  used 
as  indices  of  the  rates  of  turnover  of  their  respective  metabolic 
systems.  A  number  of  histochemical  and  cytochemical  meth¬ 
ods  have  been  found  useful  for  studies  of  this  kind,  such  as  those 
of  microscopic  and  quantitative  histochemistry;  methods  for 
isolation  and  analysis  of  tissue  fractions  (nuclei,  mitochondria, 
microsomes  and  soluble  fraction)  are  now  being  extensively 
used  for  studies  on  the  normal  brain  and  hold  great  promise 
for  comparative  observations  on  pathological  material. 

A  few  examples  may  serve  to  illustrate  the  nature  of  some 
of  these  investigations.  Flexner  (13)  has  carried  out  extensive 
studies  upon  the  morphological  and  biochemical  differentiation 
of  the  fetal  cerebral  cortex  of  the  guinea  pig.  There  is  a  critical 
period  between  the  forty-first  and  forty-fifth  days  of  gestation 
during  which  cortical  neuroblasts  first  display  Nissl  bodies  and 
show  extensive  growth  of  their  axones  and  dendrites.  Simul¬ 
taneously,  spontaneous  electrical  activity  appears,  and  the 
cortex  becomes  electrically  excitable.  Concurrent  with  these 
anatomical  and  physiological  developments,  cytochrome  oxi¬ 
dase  and  adenosinetriphosphatase  activities  become  manifest, 
and  changes  occur  in  the  partition  of  sodium  and  chloride 
between  cells  and  extracellular  fluid.  Thus,  it  is  possible  to 
correlate  the  appearance  of  adult  neurones  with  the  onset  of 
characteristic  functional  properties  and  the  development  of 
biochemical  systems  that  make  available  and  utilize  the  energy 
of  substrates  for  the  carrying  out  of  neuronal  activity. 

Many  authors  have  used  microscopic  histochemical  techiques 
to  study  the  histological  localizations  of  various  enzymes  in 
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nervous  tissue.  Many  years  ago,  Marinesco  studied  the  dis¬ 
tribution  of  indophenol  oxidase  in  neurohistological  structures. 
It  is  now  known  that  this  demonstrates  the  localization  of  the 
cytochrome-cytochrome  oxidase  system.  He  found  that  such 
activity  resided  particularly  in  the  cell  bodies  of  neurones  and 
in  their  dendritic  expansions,  but  was  essentially  absent  in 
axones  and  neuroglia.  An  excellent  recent  example  of  similar 
work  is  that  by  Koelle  (14)  on  the  histochemistry  of  brain 
cholinesterases.  These  studies  have  shown  that  the  specific 
acetylcholinesterase  is  localized  at  perikaryon  membranes  and 
along  the  dendrites  and  axones  of  many  types  of  neurones, 
while  the  non-specific  or  pseudocholinesterase  is  confined  to 
the  cytoplasm  of  neuroglia  and  the  walls  of  blood  vessels. 

In  recent  years,  some  attempts  have  been  made  to  apply  the 
principles  of  quantitative  histochemistry  to  the  study  of  the 
nervous  system.  Pope  (15)  has  used  microchemical  methods 
to  study  the  quantitative  intralaminar  distributions  of  various 
enzymes  within  the  cerebral  cortex  of  rats  and  man.  The  re¬ 
sults  have  indicated  that  in  mammalian  isocortex  proteolytic 
activity  is  localized  in  the  cell  bodies  of  neurones  and  neuroglia, 
that  of  acetylcholinesterase  in  the  plexuses  of  axones  and  den¬ 
drites  including  their  synaptic  articulations,  and  that  of  respira¬ 
tory  enzymes  in  nerve  cell  bodies  and  their  dendrites.  Re¬ 
markable  extensions  and  refinements  of  microchemistry  have 
recently  been  achieved  and  applied  to  a  number  of  regions  of 
the  nervous  system  by  Lowry  (16).  These  methods  provide 
for  quantitative  micro-analysis  of  structural  components  as 
well  as  enzymes  in  samples  of  tissue  weighing  as  little  as  a  few 
micrograms,  and  in  some  instances  the  sensitivities  are  such  as 
to  permit  analyses  to  be  made  on  the  cell  bodies  of  single  large 
neurones. 

Another  promising  line  of  work  is  the  use  of  preparative 
cytochemical  procedures  in  which  brain  homogenates  are  sub¬ 
jected  to  differential  high-speed  centrifugation  so  as  to  provide 
pure  samples  of  nuclei,  cytoplasmic  particulates,  and  a  soluble 


14 


FOUNDATIONS  OF  NEUROPSYCHIATRY 


supernatant  fraction.  An  example  of  this  type  of  work  is  the 
study  reported  hy  Brody  and  Bain  (17)  in  which  brain  mito¬ 
chondria  were  prepared  in  purified  form  and  found  to  carry 
out  the  type  of  oxidative  phosphorylations  characteristic  of 
brain  tissues  as  a  whole. 

The  foregoing  constitute  a  few  examples  taken  from  a  rapidly 
growing  literature  on  the  enzymatic  chemistry  of  the  brain. 
They  illustrate  some  of  the  techniques  that  are  being  utilized 
in  this  branch  of  neurophysiology  which  can  be  expected  to 
provide  much  important  information  when  applied  to  neuro- 
pathological  problems. 
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Chapter  II 


AUTONOMIC  NERVOUS  SYSTEM 

(‘‘Sympathetic.”  “involuntary,”  or  “vegetative”  nervous  system ) 

The  claim  is  frequently  made  that  the  autonomic  nervous 
system  is  older  phylogenetically  than  the  cerebrospinal  sys¬ 
tem,  that  it  is  more  primitive  and  hence  more  fundamental. 
It  has  even  been  argued  that  the  cerebrospinal  nervous  system 
developed  later  in  order  to  bring  to  the  vegetative  mechanism 
what  it  craved  to  satisfy  its  needs!  Embryologically  there  is 
no  evidence  to  show  that  the  autonomic  nervous  system  pre¬ 
ceded  the  central  nervous  system;  neither  can  this  be  proved 
phylogenetically;  throughout  the  whole  vertebrate  series  the 
two  systems  appear  together  and  function  with  equal  impor¬ 
tance;  in  short  both  are  essential  to  life.  To  descend  to  the 
invertebrates  and  consider  the  primitive  nerve-net  as  a  fore¬ 
runner  of  the  autonomic,  but  not  of  the  cerebrospinal  nervous 
system  is  to  take  an  unjustifiable  liberty  with  the  facts.  If 
one  must  think  teleologically,  the  best  attitude  may  be  that 
of  Claude  Bernard,  who  said,  in  speaking  of  the  functions  of 
the  autonomic  system,  “Nature  thought  it  prudent  to  remove 
these  important  phenomena  from  the  caprice  of  an  ignorant 
will.”  That  this  removal  is  incomplete  is  obvious,  for  our 
most  abstract  theories  may  lead  to  “heated  argument”.  In 
other  words  the  highest  levels  of  the  cerebrospinal  system, 
which  serve  as  the  organ  of  abstract  intellectual  thought,  may 
react  on  the  autonomic  nervous  system  and  on  closely  related 
endocrine  glands.  Moreover,  followers  of  certain  eastern  cults 
spend  years  of  training  to  gain  voluntary  control  over  these 
normally  automatic  mechanisms  and  occasionally  succeed  to  a 
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remarkable  degree.  And  lastly,  the  higher  centers  that  control 
the  autonomic  nervous  system  lie  within  the  brain  itself. 

DIVISIONS  OF  THE  AUTONOMIC  NERVOUS  SYSTEM 

From  the  functional  standpoint  the  autonomic  nervous 
system  is  entirely  motor  and  has  two  main  divisions:  the 
parasympathetic  (craniosacral)  and  the  sympathetic  (thoraco¬ 
lumbar).  These  two  divisions,  generally  described  as  an¬ 
tagonistic,  are  sending  nerve  fibers  to  the  same  organs  but  for 
opposite  purposes.  For  example,  the  cranial  autonomic  sup¬ 
plies  the  iris  with  constrictor  fibers,  while  stimulation  of  the 
sympathetic  fibers  in  the  neck  dilates  the  pupil.  This  idea  of 
mutual  antagonism,  however,  may  be  overdone  and  made  into 
too  neat  a  schematization.  Besides  the  anatomical  division 
into  sympathetic  and  parasympathetic  is  the  chemical  division 
of  the  autonomic  nerves  into  adrenergic  and  cholinergic.  Most 
post-ganglionic  sympathetic  fibers  produce  an  adrenin-like  sub¬ 
stance  to  stimulate  their  end-organs.  Almost  all  parasympa¬ 
thetic  fibers  produce  acetylcholine.  Yet  there  are  some  cases 
where  the  sympathetic  has  cholinergic  fibers  (sweat  glands)  and 
the  parasympathetic  has  adrenergic  (vagal  cardio-accelerators) . 
All  preganglionic  fibers  are  cholinergic.  The  concept  of  au¬ 
tonomic  balance  thus  becomes  one  of  chemical  gradients;  the 
adrenergic  branch  of  the  autonomic  system  may  predominate 
over  the  cholinergic,  or  vice  versa.  Keeping  this  balance 
near  the  mean  is  the  function  of  homeostasis.  The  adrenergic 
discharges  are  usually  diffuse,  influencing  the  body  at  large. 
They  appear  mostly  in  emergency  situations.  The  cholinergic 
discharges  act  locally  on  organs  or  areas  of  tissue  specifically 
stimulated. 

Figure  2  shows  diagrammatically  the  origin  of  the  main  auto¬ 
nomic  nerves  and  their  distribution. 

The  sacral  autonomic  aids  in  the  vegetative  function  of 
nutrition  by  stimulating  contraction  of  the  bladder  while 
inhibiting  the  vesical  sphincter,  and  by  contracting  the  colon 
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and  rectum  while  relaxing  the  anal  sphincter.  Reproduction 
is  subserved  by  sympathetic  innervation  causing  contraction 
of  the  prostatic  smooth  muscle  and  ejaculation  of  sperm. 

The  cranial  autonomic  has  more  varied  functions:  the  vagus 
acts  by  slowing  the  heart,  by  causing  contraction  of  the  stom¬ 
ach  and  intestine  with  relaxation  of  their  sphincters,  and  by 
causing  secretion  in  the  stomach  and  pancreas.  The  glosso¬ 
pharyngeal  and  facial  nerves  carry  fibers  controlling  secretion 
in  the  salivary  and  lacrimal  glands,  while  along  with  the  oculo¬ 
motor  nerve  run  fibers  to  the  sphincter  of  the  pupil. 

Contrast  with  this  list  the  functions  of  the  thoracolumbar 
(sympathetic)  division:  dilatation  of  the  pupil;  protrusion  of 
the  eyeball  (in  cats) ;  secretion  of  sweat;  erection  of  hair  (“goose 
skin”);  vasoconstriction;  acceleration  of  the  heart;  dilatation 
of  the  bronchi;  inhibition  of  intestinal  peristalsis  with  closure 
of  the  pyloric  and  ileocecal  sphincters;  and  discharge  of  red 
corpuscles  by  the  spleen.  These  are  the  best  known  func¬ 
tions,  others  are  well  understood,  but  a  study  of  this  list  indi¬ 
cates  that  Cannon’s  theory  is  well  founded,  that  these  functions 
are  reserves,  called  into  play  only  for  emergencies.  In  fact 
Cannon  (1)  has  removed  the  whole  sympathetic  system  from 
animals  and  proved  that  they  could  live  quiet,  restricted  lives 
in  an  apparently  normal  manner. 

An  understanding  of  this  whole  autonomic  mechanism  is 
obviously  necessary  for  the  practice  of  medicine,  and  for  all 
specialities.  From  a  more  strictly  neurological  and  psychiat¬ 
ric  standpoint  the  pupillary  reactions  are  of  great  importance. 
The  loss  of  contraction  to  light  with  retention  of  contraction 
of  the  pupil  to  convergence  and  accommodation  (“Argyll  Rob¬ 
ertson  pupil”)  indicates  injury  of  the  midbrain,  commonly 
syphilitic.  Ptosis  of  the  lid  with  a  contracted  pupil,  loss  of 
sweating  and  of  vasoconstriction  on  the  same  side  of  the  face 
(“Horner’s  syndrome”)  indicate  interruption  of  the  path  from 
the  spinal  centers,  via  the  cervical  sympathetic  nerves,  to  the 
face  and  eye.  Conversely,  retraction  of  the  lid  and  a  wide 


AUTONOMIC  NERVOUS  SYSTEM 


19 


pupil  are  seen  where  there  is  stimulation  of  the  sympathetic, 
as  in  irritative  lesions  of  the  cervical  sympathetic  ganglia 
(tuberculous  glands,  metastatic  cancer,  etc.)-  In  dementia 
praecox  a  general  disequilibrium  of  the  autonomic  system  is 
common,  with  cold,  bluish  hands  and  feet,  blotchy  skin,  widely 
dilated  unstable  pupils  which,  when  tested  with  a  strong  light, 
may  contract  momentarily  but  rebound  quickly  to  the  di¬ 
lated  condition.  In  certain  forms  of  psychoneurosis  the  pupils 
may  act  thus,  and  the  vasomotor,  pilomotor  and  sudomotor 
functions  are  frequently  hyperactive,  so  that  the  patients  re¬ 
act  to  minor  emotional  stimuli  with  excessive  flushing,  sweat¬ 
ing,  dermographia,  and  shivering.  Cardiac  acceleration  is  com¬ 
mon  ;  dyspepsia  and  diarrhea  often  accompany  fear ;  skin  lesions 
and  edema  may  occur  with  anxiety  states  (2). 

The  control  of  micturition  in  man  is  largely  by  parasympa¬ 
thetic  reflexes.  There  is  little,  if  any,  balanced  action  between 
the  sympathetic  and  parasympathetic  systems.  Distention  of 
the  bladder  with  urine  causes  an  active  contraction  of  the  blad¬ 
der  musculature.  The  sympathetic  nerve  supply  comes  from 
the  lower  thoracic  and  upper  lumbar  segments  (see  fig.  2),  and 
has  little  effect  upon  bladder  function  except  by  vasoconstric¬ 
tion.  The  parasympathetic  innervation  comes  from  S2,  S3,  and 
S4,  leaving  the  sacral  plexus  by  way  of  the  pelvic  nerves  to 
reach  the  bladder  and  internal  sphincter.  Stimulation  of  the 
pelvic  nerves  causes  contraction  of  the  detrusor  muscle  of  the 
bladder  wall  with  relaxation  of  the  external  vesicle  sphincter. 
Cutting  the  sympathetic  nerve  supply  to  the  bladder  (pre- 
sacral  nerves)  has  no  effect  on  micturition,  while  section  of  the 
parasympathetic  roots  (S2,  S3  and  S4)  causes  a  complete  paral¬ 
ysis.  A  complete  lesion  of  the  spinal  cord  above  the  sacral 
level  can  leave  an  intact  reflex  mechanism  for  micturition,  and 
the  "automatic  bladder”  results. 

The  external  sphincter  of  the  bladder  contains  striated  mus¬ 
cle  fibers  which  are  innervated  by  spinal  nerve  fibers  from  S2, 
S3,  and  S4;  these  segments  also  innervate  the  functionally  asso- 
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ciated  perineal  muscles.  The  sphincter  muscles  are  also  con¬ 
trolled  from  various  higher  levels  of  integration,  hind-brain, 
mid-brain,  hypothalamus  and  even  the  cerebral  cortex,  so  that 
voluntary  cessation  of  micturition  is  possible.  Moreover  the 
more  automatic  elements  of  bladder  motility  are  also  under 
higher  control,  for  sensations  of  bladder  contraction  reaching 
consciousness,  may  cause  inhibition  of  the  detrusor  muscle, 
allowing  the  bladder  to  assume  another  and  larger  size  at  the 
same  internal  pressure.  The  effect  of  local  stretching  and 
fatigue  of  the  muscles,  and  of  local  and  general  infection  must 
always  be  borne  in  mind,  for  all  these  factors  decrease  the  re¬ 
flexes  of  micturition. 

Many  other  clinical  problems  are  only  elucidated  by  a 
knowledge  of  autonomic  neurology.  Dermatology,  cardiology 
and  the  study  of  the  gastrointestinal  tract  are  all  dependent 
on  this  knowledge.  The  examples  discussed  were  chosen  for 
their  neurological  or  psychiatric  interest.  Many  others 
could  be  given  (see  “psychosomatic”  reactions,  Chapters  XIII 
and  XIV) .  A  list  of  the  principal  autonomic  pathways  follows : 

I.  Autonomic  Innervation  of  the  Eye 

(a)  Parasympathetic. 

Preganglionic  neurons:  Cells  in  the  midbrain  nucleus,  fibers  by 
way  of  the  third  cranial  nerve  to  end  in  the  ciliary  ganglion. 

Postganglionic  neurons:  To  the  ciliary  muscle  and  the  circular 
fibers  of  the  iris. 

Function:  Accommodation  and  contraction  of  the  pupil. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord,  fibers  by  way 
of  the  sympathetic  trunk  to  end  in  the  superior  cervical  gan¬ 
glion. 

Postganglionic  neurons:  Fibers  by  way  of  the  internal  carotid 
plexus  and  the  ciliary  nerves  to  the  eyeball. 

Function:  Dilatation  of  the  pupil. 

II.  Autonomic  Innervation  of  the  Submaxillary  Gland 
(a)  Parasympathetic. 

Preganglionic  neurons:  Cells  in  the  medulla;  fibers  by  way  of  the 
seventh  cranial  nerve,  chorda  tympani,  and  lingual  nerve  to  end 
in  the  submaxillary  ganglion. 

Postganglionic  neurons:  To  the  submaxillary  gland. 

Function:  Increases  secretion  and  dilates  vessels. 


AUTONOMIC  NERVOUS  SYSTEM 


21 


(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord,  fibers  by  way  of 
the  sympathetic  trunk  to  end  in  the  superior  cervical  ganglion. 

Postganglionic  neurons:  Fibers  to  the  submaxillary  gland. 

Function:  Contracts  and  dilates  vessels  of  gland  and  increases 
salivation. 

III.  Autonomic  Innervation  op  the  Parotid  Gland 

(a)  Parasympathetic. 

Preganglionic  neurons:  Cells  in  medulla;  fibers  by  way  of  the 
ninth  nerve  and  tympanic  branch  and  lesser  superficial  petrosal 
nerve  to  the  otic  ganglion. 

Postganglionic  neurons:  Fibers  along  the  auriculo-temporal 
branch  of  the  fifth  nerve  to  the  parotid  gland. 

Function:  Increases  secretion  of  saliva. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord,  fibers  by  way  of 
trunk  to  superior  cervical  ganglion. 

Postganglionic:  Fibers  along  external  carotid  and  external 
maxillary  arteries  to  the  gland. 

Function:  Increases  salivation  and  contracts  vessels  of  gland. 

IV.  Autonomic  Innervation  op  the  Cerebral  Arteries 

(a)  Parasympathetic. 

Preganglionic  neurons:  Cells  in  medulla;  fibers  follow  the 
seventh  nerve  to  the  geniculate  ganglion  and  probably  to  other 
cells  scattered  along  the  course  of  the  arteries. 

Postganglionic  neurons:  Fibers  along  the  greater  superficial  pe¬ 
trosal  nerve  and  on  the  internal  carotid  artery  to  vessels  of 
meninges  and  brain. 

Function:  Vasodilatation. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord;  fibers  to  the 
stellate  and  cervical  sympathetic  ganglia. 

Postganglionic  neurons:  Fibers  follow  the  vertebral,  meningeal 
and  internal  carotid  arteries  to  vessels  of  the  meninges  and 
brain. 

Function:  Vasoconstriction. 

V.  Autonomic  Innervation  of  the  Heart 

(a)  Parasympathetic. 

Preganglionic  neurons:  Cells  in  the  medulla,  fibers  through  the 
vagus  nerve  to  the  intrinsic  ganglia  of  the  heart. 

Postganglionic  neurons:  Fibers  to  the  cardiac  and  coronary 
arteries. 

Function:  Cardiac  inhibition  and  coronary  constriction. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord,  fibers  to  the 
upper  thoracic  ganglia  and  by  way  of  the  sympathetic  trunk 
to  the  cervical  ganglia. 
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Postganglionic  neurons:  Fibers  to  cardiac  plexus,  the  musculature 
of  the  heart  and  coronary  arteries. 

Function:  Cardiac  acceleration  and  coronary  dilatation. 

VI.  Autonomic  Innervation  of  Lungs 

Analogous  in  general  to  that  of  the  heart. 

VII.  Autonomic  Innervation  of  the  Musculature  of  the  Stomach  and 
Small  Intestine  (exclusive  of  the  sphincters). 

(a)  Parasympathetic. 

Preganglionic  neurons:  Cells  in  the  medulla,  fibers  by  way  of  the 
vagus  nerve,  to  end  in  the  intrinsic  ganglia  of  the  stomach. 

Postganglionic  neurons:  To  end  in  the  gastric  musculature  and 
glands. 

Function :  Excites  peristalsis  and  secretion. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord,  fibers  to  the 
splanchnic  nerves  to  the  celiac  ganglia. 

Postganglionic  neurons:  Fibers  by  way  of  the  celiac  plexus  to  the 
stomach. 

Function:  Inhibits  peristalsis. 

VIII.  A utonomic  Innervation  of  Genito-Urinary  Tract 

( a )  Parasym pathetic. 

Preganglionic  neurons:  Cells  in  the  spinal  cord,  fibers  by  way  of 
the  second,  third  and  fourth  sacral  nerves  to  the  plexus  upon  the 
wall  of  the  bladder,  rectum  and  genital  organs. 

Postganglionic  neurons:  Fibers  to  the  local  musculature. 

Function :  IJri nation,  defecation,  also  vasodilatation  and  erection. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  the  lower  thoracic  and  upper 
lumbar  cord,  fibers  to  the  inferior  hypogastric  ganglia. 

Postganglionic  neurons:  To  the  genito-urinary  musculature  and 
blood  vossels. 

Function:  Excites  contraction  of  the  internal  sphincter,  prostate, 
seminal  vesicles;  vasoconstriction  of  bladder. 

IX.  Autonomic  Innervation  of  Arteries  (exclusive  of  head). 

(a)  Parasympathetic  neurons,  the  fibers  pass  out  along  the  spinal 

roots  to  the  mixed  nervos  and  then  on  to  the  vessels. 

Function :  Vasodilatation. 

(b)  Sympathetic. 

Preganglionic  neurons:  Cells  in  lateral  horns  of  cord,  T|,  to  La, 
fibers  go  out  to  paravertebral  ganglia. 

Postganglionic  neurons:  Either  directly  to  larger  arteries  of  the 
viscera  and  follow  them,  or  to  the  spinal  nerves  and  pass  along 
them  to  leave  at  different  points  and  join  the  vessels  of  the 
trunk  and  limbs. 

Function :  Vasoconstriction. 
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X.  Sudomotor  and  Pilomotor  Fdnctions  of  Skin  are  served  much  as  the 
vessels  in  IX  except  that  post-ganglionic  sympathetic  fibers  to 
sweat  glands  are  cholinergic  and  these  structures  have  no  para¬ 
sympathetic  innervation. 

The  cells  that  give  rise  to  postganglionic  sympathetic  fibers 
have  already  been  described  as  lying  in  the  splanchnic  or  in  the 
paravertebral  sympathetic  ganglia.  Those  that  give  rise  to 
the  preganglionic  fibers  for  the  sympathetic  division  lie  in  the 
spinal  cord,  from  Ti,  to  L2.  The  cells  form  a  group  in  the 
antero-lateral  part  of  the  central  gray  matter,  often  a  con¬ 
spicuous  “lateral  horn.”  The  craniosacral  parasympathetic 
division  has  a  more  specialized  and  less  continuous  series  of 
nuclei:  beginning  above,  there  is  in  the  midbrain  the  pupilo- 
constrictor  nucleus,  the  fibers  of  which  go  out  with  the  third 
nerve.  In  the  hindbrain  are  found  the  lachrymal,  salivary  and 
dorsal  vagal  nuclei  as  quite  distinct  entities.  Near  the  latter 
are  the  vasomotor,  cardiac  and  respiratory  centers  which  are 
less  sharply  defined,  but  none  the  less  specific  physiologically 
(fig.  2).  The  sacral  part  of  the  parasympathetic  division  comes 
from  cells  in  cord  segments  S2  to  S4.  Their  postganglionic  cells 
are  in  the  pelvic  plexuses  and  viscera. 

THE  VISCERAL  BRAIN 

In  the  forebrain  there  are  three  main  groups  of  higher  vege¬ 
tative  centers  that  control  autonomic  function.  The  lowest  lie 
in  the  hypothalamus.  The  second  and  largest  group  is  the 
deep,  mesial  mass  of  gray  matter  often  called  the  rhinencepha- 
lon  (nose-brain)  comprising  hippocampal  and  dentate  gyri, 
amygdaloid  nucleus,  cingulate  gyrus,  and  olfactory  cortex. 
This  with  its  connections  above  and  below  has  been  termed  the 
“visceral  brain”  by  MacLean  (3),  a  useful  functional  designa¬ 
tion,  because  it  opposes  the  old  idea  that  these  structures  had 
to  do  almost  entirely  with  the  sense  of  smell  and  were  rudi¬ 
mentary  in  man.  From  the  anatomical  standpoint  the  name 
“limbic  system”  is  useful  because  these  structures  form  a  ring 
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around  the  thick  limbs  that  branch  out  laterally  from  the  brain 
stem  to  go  to  the  hemispheres.  Broca  called  if  the  limbic  con 
volution;  it  is  part  of  each  hemisphere,  that  part  which  is  made 
up  of  old  cortex  (paleo-  and  archieortex)  as  opposed  to  the 
greatly  expanded  mantle  of  neocorlcx  which  makes  up  the 
greater  part  of  the  surfaces  of  the  frontal,  parietal,  occipital 
and  lateral  temporal  lobes.  (See  Figs.  2  and  3).  The  third 
group  of  vegetative  centers  lies  in  the  cortex  of  the  frontal  lobes. 
At  all  three  levels  centers  for  lacrimation,  sweating,  vasomotor, 
gastrointestinal  and  cardiac  reactions  are  represented. 

The  two  higher  levels  are  cortical,  that  is  to  say  the  ganglion 
cells  are  in  widespread  layers,  and  are  not  confined  to  small 
groups  of  cells  clustered  together  in  nuclei,  as  in  the  hypothala¬ 
mus.  The  visceral  brain  is  partly  old,  primitive  cortex  (“archi- 
cortex”)  that  is  found  in  all  vertebrates;  partly  it  is  a  transi¬ 
tional  form  of  cortex  where  old  goes  over  into  new  (“meso- 
cortex”).  The  highest  level  of  autonomic  representation  is  in 
the  frontal  cortex  of  mammals.  This  is  new  (“neocortox”), 
well  developed  only  in  mammals  and  especially  in  apes  and 
man.  A  part  of  the  transitional  (“mesocortex”)  appears  to 
lie  in  the  orbital  surfaces  of  the  frontal  lobes,  close  to  the  ol¬ 
factory  bulbs. 

In  the  primitive  brain  the  olfactory  mechanism  is  relatively 
large  and  the  neocortex  small.  As  development  goes  on,  mam¬ 
mals  gain  a  relatively  enormous  overgrowth  of  neocortox.  The 
old  nose-brain  is  buried  and  is  less  obvious,  but  relatively  it 
holds  its  own  with  other  cerebral  sensory  areas  in  most  mammals. 
In  higher  apes  and  man  the  transitional  cortex  (mesocortex) 
develops  to  its  highest  degree,  and  with  it  the  associative  part 
of  the  archieortex,  the  hippocampus.  This  indicates  that  they 
have  an  increasingly  important  function  and  that  the  function 
is  not  solely  smell.  It  is,  however,  related  to  smell.1 

1  Tho  following  summary  is  taken  from  Cobh,  S.:  Emotions  and  Clinical 
Medicine,  W.  W.  Norton  ife  Co.,  Now  York,  1050,  by  pormission  of  tho  pub¬ 
lishers.  In  this  book  extensive  discussion  and  references  may  bo  found. 
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Specifically  the  receiving  station  for  smell  (olfactory  bulb) 
discharges  to  secondary  centers  in  the  tubercle  of  the  septum,  the 
amygdaloid  nuclei  and  the  peri -amygdaloid  cortex.  Thence 
secondary  and  tertiary  neurons  reach  the  hippocampus.  But 
the  hippocampus  also  receives  other  fibers  and  cannot  be  looked 
upon  as  an  exclusively  olfactory  organ.  Moreover,  the  cingu¬ 
late  gyrus  reaches  its  highest  development  in  primates  and 
sends  fibers  to  the  hippocampus.  It  also  receives  a  large  con¬ 
tribution  from  the  hippocampus  by  way  of  the  fornix,  mammil¬ 
lary  body  and  anterior  thalamic  nucleus.  This  makes  a  circuit 
which  may  have  importance  as  a  reverberating  mechanism. 
Moreover  the  cingulum  has  control  over  autonomic  functions, 
among  others  those  connected  with  reproduction.  Lying 
nearby  are  the  areas  of  neocortex  which  have  to  do  with  sensa¬ 
tion  in  sex  organs.  Slightly  anterior  and  below  is  the  cortex 
of  the  orbital  part  of  the  frontal  lobe,  which  also  has  been  shown 
to  produce  autonomic  reactions  and  wliich  has  connections 
with  the  archicortex  around  the  uncus  and  amygdala.  Taste 
is  said  to  be  represented  in  or  near  the  insula  (probably  transi¬ 
tional  cortex),  and  hearing  and  vision  have  connections  which 
go  to  the  hippocampus.  Closely  associated  with  all  this  is  the 
hypothalamus  which  gets  a  large  direct  tract  from  the  olfactory 
receiving  station  (the  median  forebrain  bundle),  a  large  indirect 
olfactory  tract  from  the  amygdala  (the  stria  terminalis),  and  a 
great  tract  (the  fornix)  from  the  associative  cortex  of  the  hip¬ 
pocampus.  The  hypothalamus,  as  controller  of  visceral  func¬ 
tion  by  way  of  the  tracts  to  the  brain  stem  and  pituitary,  is 
thus  intimately  bound  up  with  smell.  Moreover  it  is  of  in¬ 
terest  that  the  olfactory  nuclei  are  the  only  sensory  receiving 
stations  which  project  directly  upon  the  hypothalamus.  All 
others  are  mediated  by  thalamic  nuclei. 

EMOTIONAL  EXPRESSION 

With  these  main  anatomical  structures  and  connections  in 
mind  one  can  briefly  summarize  the  experiments  on  animals 
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that  throw  light  on  the  problem  of  emotional  expression:  Bard 
showed  that  cats  with  the  forebrain  removed  back  to  the  level 
of  the  hypothalamus  can  produce  furious  behavior.  He  called 
it  “sham  rage”  because  coordinated  motor  behavior  indicative 
of  rage  was  emphatically  expressed.  The  cat  on  the  very 
slightest  provocation  would  arch  its  back,  lash  its  tail,  extrude 
its  claws,  growl,  bite  and  scratch,  at  the  same  time  showing 
such  autonomic  symptoms  as  dilation  of  the  pupils,  erection  of 
hair  and  sweating  of  toe-pads.  There  was,  however,  no  evi¬ 
dence  that  the  animal  was  feeling  any  emotion.  When  the 
posterior  part  of  the  hypothalamus  was  removed  these  co¬ 
ordinated  expressions  of  rage  ceased. 

Some  animals  with  all  cerebrum  removed  as  far  back  as  the 
midbrain  can  show  a  few  of  the  symptoms  of  rage,  such  as  tail 
lashing  and  growling,  but  for  the  coordinated  expression  of 
sham  rage  the  posterior  hypothalamic  area  is  necessary.  Mas- 
serman  by  ingenious  conditioned  reflex  experiments,  corrobo¬ 
rated  Bard’s  idea  that  the  animal  felt  no  emotion.  Other  ex¬ 
perimenters  showed  that  injuries  to  the  connections  between 
archipallium  and  hypothalamus  could  bring  out  partial  rage  re¬ 
actions.  Bard  took  up  the  subject  anew  and  with  Mount- 
castle  performed  a  long  series  of  experiments  on  cats,  already 
deprived  of  neocortex,  in  which  he  left  intact  the  basal  olfac¬ 
tory  receiving  stations  and  the  hypothalamus,  but  removed 
different  parts  of  the  archicortex  and  mesocortex.  When  only 
neocortex  was  removed  and  most  of  the  mesocortex  and  archi¬ 
cortex  were  left  intact,  the  animals  showed  a  most  remarkable 
placidity.  Painful  stimuli  would  elicit  little  or  no  angry  reac¬ 
tion;  the  animals  would  often  continue  to  purr  and  show  affec¬ 
tionate  behavior.  When,  however,  either  the  amygdaloid  nu¬ 
clei  and  the  near-by  archicortex  or  the  mesocortex  were  sub¬ 
sequently  removed  bilaterally  the  animals  showed  furious  sham 
rage  on  the  slightest  provocation. 

From  these  experiments  in  cats  it  would  seem  that  when 
different  parts  of  the  archicortex  and  mesocortex  are  re- 
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leased  from  higher  control  exaggerated  emotional  reactions 
take  place.  Lesions  of  one  area  release  exaggerated  affection 
and  placidity;  lesions  of  another  area  release  furious  attacks  of 
rage.  Kliiver  and  Bucy  produced  remarkable  symptoms  of  ‘‘tame¬ 
ness”  in  wild  macaque  monkeys  by  bilateral  removal  of  the 
temporal  lobes.  Their  operation  destroyed,  in  the  mesocor- 
tex  and  archicortex  of  each  side,  the  uncus,  amygdala  and 
neighboring  cortex,  a  large  part  of  the  hippocampus  and  most 
of  the  hippocampal  gyrus.  The  posterior  part  of  both  these 
structures  remained  intact.  The  animals  showed  profound 
changes  in  their  emotional  behavior.  The  motor  and  vocal 
reactions  associated  with  anger  and  fear  were  lost.  These 
formerly  wild  and  aggressive  monkeys  would  now  approach 
any  object  inquisitively  and  without  any  hesitation,  whether 
it  was  a  familiar  man  bent  on  catching  them  (from  whom  they 
formerly  fled),  a  bull  snake  or  a  strange  monkey  or  person. 
Their  aim  seemed  to  be  oral  exploration  of  the  object,  and  often 
sexual  expression.  In  Fulton’s  laboratory  baboons  have  been 
subjected  to  an  operation  that  takes  away  structures  somewhat 
farther  forward  than  in  the  operation  of  Kliiver  and  Bucy. 
The  orbital  cortex,  anterior  part  of  the  insula,  the  uncus  and 
amygdala  were  removed.  These  animals  showed  the  same 
lack  of  fear;  they  apparently  had  lost  the  faculty  of  discrimi¬ 
nating  between  a  potentially  harmful  and  a  beneficial  object. 
In  a  moving  picture,  Fulton  showed  such  a  baboon  repeatedly 
putting  lighted  matches  into  his  mouth ! 

Electrical  and  chemical  stimulation  of  the  hippocampus  has 
been  shown  by  MacLean  (3)  to  cause  pleasure  reaction,  groom¬ 
ing  reaction  and  an  entranced  receptivity  to  genital  stimulation. 
Prolonged  stimulation  may  precipitate  fits  which  show  both  in 
the  electroencephalogram  and  in  the  animal’s  behavior.  The 
cat  shows  less  reactivity  to  noxious  stimuli;  it  may  exhibit 
anger;  it  may  take  statuesque  postures.  After  such  a  fit  the 
genital,  grooming  and  pleasure  reactions  are  exaggerated. 

These  are  the  general  facts  as  they  stand  today.  There  is 
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proof  that  the  neocorf, ox  influences  affective  behavior.  When  re¬ 
moved  in  a.  eat,  that  animal  becomes  placid  arid  exceptionally 
affectionate.  Removing  certain  parts  of  the  mesocortex  and 
archicortex,  apparently  association  areas,  has  a  similar  effect. 
Removing  other  parts  has  the  opposite  effect:  the  animal  be¬ 
comes  furious  The  old  nose  brain  (rhinencephalon)  certainly 
does  much  more  in  animals  than  mediate  the  sense  of  smell. 

THE  HYPOTHALAMUS 

The  hypothalamus  integrates  the  performance  of  mechanisms 
involved  in  emotional  expression.  If  is  moreover,  the  head- 
ganglion  of  the  autonomic  nervous  system  which  mediates  so 
many  of  man’s  emotional  manifestations:  blushing,  sweating, 
erection  of  hairs,  palpitation  of  the  hear!,,  raised  blood  pressure, 
urination  and  defecation,  to  mention  the  most  obvious.  Four- 
points  need  emphasis: 

1.  That  the  hypothalamus  is  the  main  outlet  for  neural 
messages  from  the  primitive  archicortex  to  the  peripheral  effec¬ 
tor  organs  (striated  muscle,  smooth  muscle,  and  glands).  Al¬ 
though  the  hypothalamic  nuclei  coordinate  the  incoming  mess¬ 
ages  into  useful  motor  patterns  of  emotional  expression  and 
although  the  hypothalamus  has  a  controlling  influence  over 
homeostasis  and  all  autonomic  functions,  there  is  probably  no 
appreciation  of  emotional  feeling  in  the  hypothalamus.  It 
is  not  the  “seat  of  the  emotions.” 

2.  That  the  hypothalamus  receives  few  or  no  fibers  from  the 
neocortex  but  gets  direct  and  large  tracts  from  the  archicor¬ 
tex. 

3.  That  nerve  fibers  leaving  the  hypothalamus  have  impor¬ 
tant  effects  on  the  endocrine  glands:  by  a  direct  tract  to  the 
posterior  pituitary,  and  by  relays  down  brain  stem  and  cord  to 
the  adrenal  medulla.  Moreover  if  is  probable  that  the  hypo¬ 
thalamus  has  secreting  cells,  the  hormone  from  which  affects 
the  anterior  pituitary. 

4.  That  the  hypothalamus  not  only  discharges  downward 
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into  midbrain,  hind  brain  and  cord  for  motor  and  glandular  ex¬ 
pression,  but  upward  to  the  archicortex  and  to  the  thalamus 
with  relays  to  the  mesocortcx  for  visceral  feelings  and  emotional 
stimulation;  there  are  also  relays  to  the  neocortex  to  keep  a 
state  of  alert  wakefulness. 

The  hypothalamus  is  made  up  of  three  groups  of  nuclei :  the 
anterior  is  principally  composed  of  the  preoptic,  supraoptic,  and 
paraventricular  nuclei.  The  later omesial  group  includes  the 
ventromedial,  dorsomedial  and  tuber  nuclei.  The  posterior 
group  is  dominated  by  the  large  mammillary  bodies  (M,  Fig. 
3).  In  general  the  functions  of  the  more  anterior  and  latero- 
mesial  groups  may  be  said  to  be  parasympathetic  (cholinergic) 
or  mixed,  while  those  of  the  posterior  are  sympathetic  (adrener¬ 
gic)  ,  but  there  are  many  overlaps  in  these  two  sorts  of  nervous 
functions  and  it  is  easy  to  over-emphasize  this  dichotomy. 

AUTONOMIC  INNERVATION  AND  THE  ENDOCRINE  GLANDS 

The  important  discoveries  of  Cannon  still  form  the  basis  of 
our  knowledge  of  the  physiology  of  the  emotions.  They  made 
possible  a  comprehensive  or  “psychosomatic”  approach  to  the 
study  of  disease.  His  experiments  called  attention  to  the  wide 
range  of  bodily  adjustments  which  occur  in  the  enraged  animal; 
the  more  rapid  heart  beat,  the  redistribution  of  the  blood,  the 
increase  of  red  corpuscles  in  the  circulation,  the  deeper  ventila¬ 
tion  of  the  lungs,  the  dilation  of  the  bronchioles,  the  liberation 
of  sugar  from  the  liver,  the  secretion  of  adrenalin  with  its  favor¬ 
able  action  on  fatigued  muscles— all  of  which  may  properly  be 
regarded  as  rendering  the  organism  more  efficient  in  struggle. 
These  observations  of  Cannon  have  stood  the  test  of  time;  his 
main  theories  of  emergency  adjustment  and  homeostasis  are 
epoch-making  contributions.  Recent  work  has,  of  course, 
added  new  data  and  elaborated  the  concepts  of  emotional  ex¬ 
pression. 

Foremost  among  the  new  contributions  is  the  discovery  of  the 
hormones  of  the  adrenal  cortex.  Cannon  dealt  only  with  ad- 
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Fig.  3.  Diagram  Indicating  that  When  One  Considers  Emotional 
Reaction  Three  Main  Systems  Must  Be  Thought  of  as  Taking  Part 


First  (on  right)  the  neocortex  and  thalamus,  receiving  external  stimuli  and 
reacting  rapidly  and,  with  much  conscious  awareness,  largely  through  the 
skeletal  muscles.  Second  (middle)  the  limbic  system  is  in  black,  making  a 
ring  around  the  limb  of  the  brain  stem  which  goes  out  laterally  to  the  neocor¬ 
tex  of  the  hemisphere.  It  is  made  up  largely  of  archicortex  which  is  activated 
from  thalamus  and  neocortex,  and  the  less  conscious  visceral  brain  makes  a 
more  slowly  reacting  but  longer  lasting  background  for  emotional  effects  ex¬ 
pressed  through  the  hypothalamus  and  autonomic  nervous  system.  Lastly 
the  endocrine  system  (left)  is  activated  via  pituitary  and  adrenal  to  mobilize 
the  slow  but  powerful  hormonal  effects. 

(ANT  and  POST)  lobes  of  pituitary  body.  (THY)  thyroid.  (H)  heart. 
(TM)  thymus.  (PAN)  pancreas.  (ADR)  adrenal  gland  with  innervation  by 
sympathetic  nerves.  (A)  amygdaloid  nucleus.  (H)  hippocampus  with  arrows 
indicating  tracts  to  mammillary  bodies  (M)  of  the  hypothalamus  (HYPO). 
(Adapted  from  Cobb,  S.,  Emotions  and  Clinical  Medicine,  courtesy  of  W.  W. 
Norton  &  Co.) 
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renalin  (epinephrine  or  adrenin)  which  is  the  internal  secretion 
of  the  adrenal  medulla.  The  discovery  and  description  of  the 
various  hormones  of  the  adrenal  cortex  came  after  Cannon’s 
main  work  was  done. 

The  adrenal  cortex  has  been  intensively  studied  in  the  last 
two  decades;  more  than  twenty  hormones  or  similar  substances 
have  been  isolated  from  it.  They  belong  to  the  class  of  com¬ 
pounds  known  as  steroids,  quite  different  from  adrenalin,  the 
single  hormone  produced  by  the  adrenal  medulla.  The  ad¬ 
renal  steroids  are  closely  related  to  the  sex  hormones. 
Three  of  them  are  primarily  concerned  with  the  conversion  of 
protein  to  sugar,  and  its  storage  in  the  liver.  Others  regulate 
the  salt  and  water  balance  of  the  body  fluids,  especially  the 
ratio  of  intracellular  to  extracellular  sodium  and  potassium. 
Slight  variations  in  these  balances,  especially  in  the  brain,  can 
cause  disease  and  death. 

The  adrenal  medulla  is  under  direct  nerve  control.  The  ad¬ 
renal  cortex  is  stimulated  by  a  hormone  from  the  anterior 
pituitary  carried  to  it  by  the  blood.  This  is  the  adrenocortico¬ 
tropic  hormone  known  for  short  as  ACTH.  It  is  discharged 
from  the  pituitary,  possibly  by  nervous  stimulation  from  the 
hypothalamus,  perhaps  by  a  hormone  from  the  posterior  pitui¬ 
tary,  or  by  both.  ACTH  is  also  regulated,  in  part,  by  the  level 
of  adrenal  cortical  hormones  in  the  blood;  the  higher  this  level, 
the  less  ACTH  is  released  by  the  anterior  pituitary  gland, 
another  example  of  reciprocal  control  or  “feed  back”  in  the 
human  organization. 

In  order  to  understand  the  emergency  theory  in  the  light  of 
recent  knowledge  of  cortical  hormones,  one  can  postulate  that 
the  adrenal  cortex  takes  over  where  the  medulla  leaves  off. 
The  physiological  reaction  of  the  medulla  is  an  emergency  re¬ 
sponse,  lasting  for  minutes  only.  It  is  brief,  wasteful  and 
maintained  only  by  a  sacrifice  of  normal  functions.  For  ex¬ 
ample,  the  heart  is  stimulated  to  a  level  that  can  aid  vigorous 
action  for  a  short  period,  but  that  cannot  be  maintained.  The 
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vessels  of  skeletal  muscles  at  first  dilate  and  give  a  large  blood 
supply  to  these  important  organs  of  defense,  but  later  vaso¬ 
constriction  takes  place.  The  circulation  to  the  kidney  is  shut 
down;  this  is  all  right  for  an  emergency,  but  if  continued  for 
any  length  of  time,  would  lead  to  death.  Long-continued  ac¬ 
tivity  of  the  emergency  mechanism  with  great  secretion  of  ad¬ 
renalin  would  lead  to  collapse.  Pincus  and  Hoagland  (4)  have 
shown  that  to  meet  the  needs  of  continued  stress  there  are  sub¬ 
stances  secreted  by  the  adrenal  cortex.  Experiments  in  which 
animals  are  exposed  to  severe  exercise,  oxygen  deprivation, 
cold,  surgical  injury,  or  to  injections  of  toxic  substances  show 
microscopical  and  chemical  changes  in  the  adrenal  cortex.  Ani¬ 
mals  in  which  the  pituitary  has  been  removed  do  not  show  these 
adrenal  changes  following  stress.  Animals  deprived  of  the  ad¬ 
renal  cortex  early  display  marked  weakness  and  cannot  resist 
stress  of  any  kind.  The  syndrome  of  Addison’s  disease  in  man 
is  due  to  a  destructive  disease  of  the  adrenal  cortex.  The 
symptoms  are  progressive  lassitude,  mental  confusion  and  ex¬ 
haustion  with  ultimate  death.  Animals  deprived  surgically  of 
their  adrenal  cortices  and  Addisonian  patients  can  be  main¬ 
tained  for  a  long  time  in  a  state  of  fairly  good  health  by  the 
administration  of  extracts  of  the  adrenal  cortex.  The  clinical 
evidence  for  believing  that  life  stress  affects  bodily  disease  is 
published  in  an  impressive  volume  by  the  Association  for  Re¬ 
search  in  Nervous  and  Mental  Disease  (5)  and  is  well  sum¬ 
marized  and  discussed  by  Wolff. 

Selye  (6)  has  worked  out  a  general  scheme  for  the  under¬ 
standing  of  the  adaptation  of  the  organism  to  stress.  He  be¬ 
lieves  that  Cannon  laid  the  foundation  for  this  work,  but  did 
not  see  that  there  were  certain  defense  reactions  common  to  all 
types  of  stress,  such  as  asphyxia,  cold,  fatigue,  rage  and  fear. 
He  postulates  a  defensive  response  to  stress  as  such,  irrespec¬ 
tive  of  the  nature  of  the  stress.  Animals  subjected  to  any  ex¬ 
hausting  stress  in  his  laboratory  reacted  with  a  certain  com¬ 
bination  of  tissue  changes;  gastric  ulcers,  thymic  and  lymphatic 
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involution  and  adrenal  enlargement.  The  non-specific,  adap¬ 
tive  reaction  to  stress  has  three  stages.  The  first  is  called  the 
alarm  reaction  since  it  seems  to  be  a  call  to  arms  of  the  body’s 
defense  forces.  If  the  stress  is  not  too  great  the  organism  be¬ 
comes  adapted  and  goes  through  a  stage  of  resistance.  If  the 
stress  is  continued,  the  animal  will  eventually  become  exhausted 
and  die  after  a  return  of  the  manifestations  of  the  alarm  reac¬ 
tion.  This  is  the  third  stage  and  is  known  as  the  stage  of  ex¬ 
haustion.  The  stage  of  resistance  may  last  for  days  or  even 
months  and  the  animal  may  have  so  much  adaptive  ability 
that  it  will  outlast  the  stress  and  return  to  normal. 

The  physiological  mechanism  involved  is  postulated  by  Selye 
as  follows:  A  general  systemic  stress  acts  upon  the  anterior 
lobe  of  the  pituitary,  causing  it  to  discharge  ACTH  into  the 
blood  stream.  This  induces  the  adrenal  cortex  to  produce  cor- 
ticoid  hormones  which  have  two  major  reactions:  (a)  They 
act  on  lymphatic  tissues,  causing  a  drop  in  the  number  of  cir¬ 
culating  lymphocytes  and  eosinophils,  (b)  They  cause  vaso¬ 
constriction  in  the  kidney  with  release  of  the  kidney’s  pressor 
substance;  the  result  is  hypertension  and  eventually  sclerosis 
of  the  vessels.  This  second  mechanism  if  not  too  extreme,  can 
be  a  chronic  adaptation  to  keep  up  blood  pressure.  Compared 
to  the  mechanisms  for  acute  emergencies  (the  adrenalin  secre¬ 
tion  and  sympathetic  nerve  stimulation  described  by  Cannon) , 
it  is  slow  to  start  and  long  lasting.  The  emergency  mechanism 
affects  vessels  directly  by  nerve  impulses  and  (via  the  adrenal 
medulla)  by  adrenalin  in  the  blood  stream.  In  this  quick  reac¬ 
tion  the  pituitary  is  not  involved.  The  reaction  is  over  in  a 
few  minutes.  If  the  animal  has  beaten  or  escaped  its  enemy, 
well  and  good.  There  are  no  chronic  aftermaths.  But  if  the 
stress  is  prolonged  and  the  adaptive  reactions  take  place 
through  the  pituitary,  the  animal  may  adapt  and  survive,  or 
suffer  tissue  damage  from  too  prolonged  adaptation.  This  tissue 
damage  is  deserving  of  the  name  lesion,  but  is  is  a  non-specific 
lesion  resulting  from  many  kinds  of  stress.  During  the  alarm 
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reaction  (first  stage)  the  lesions  may  be  gastric  ulcers  and  lym¬ 
phatic  involution.  In  the  second  stage,  hyalin  changes  in  the 
walls  of  small  vessels  appear.  Selye  points  out  that  the  blood 
and  vascular  changes  seem  to  be  important  in  a  group  of  chronic 
degenerative  diseases  of  unknown  etiology,  for  example,  rheu¬ 
matic  fever,  rheumatoid  arthritis,  periarteritis  nodosa,  lupus 
and  malignant  hypertension.  The  details  of  the  processes  lead¬ 
ing  to  the  complex  pathological  pictures  of  these  diseases  are  as 
yet  unknown,  but  other  investigators  have  corroborated  parts 
of  Selye ’s  experimental  work.  The  theory  is  an  important  one 
and  deserves  thoughtful  consideration. 

An  understanding  of  the  way  in  which  the  anterior  pituitary 
(adenohypophysis)  is  controlled  by  the  nervous  system  is  es¬ 
sential  to  an  understanding  of  all  psychosomatic  medicine. 
Here  is  the  place  where  the  complex  integrations  of  the  nervous 
system  (psychology)  can  have  an  effect  upon  the  internal  secre¬ 
tions  which  enter  the  blood  stream  to  influence  growth,  meta¬ 
bolism,  sexual  behavior,  energy  formation  and  all  the  vital 
processes.  The  only  systems  that  control  all  parts  of  the  body 
are:  (a)  the  vascular  system  with  its  blood,  carrying  fuel  and 
hormones,  and  (b)  the  nervous  system  with  its  transmitted 
impulses  which  make  up  the  neural  messages.  Nerve  impulses 
are  known  to  stimulate  endocrine  glands  effectively  at  two 
points :  (a)  the  adrenal  medulla  and  (b)  the  posterior  pituitary. 
It  is  probably  that  the  anterior  pituitary  is  stimulated  to  se¬ 
crete  ACTH  b}r  a  chemical  substance  produced  by  the  cells  of 
the  median  eminence  of  the  tuber  cinereum.  This  substance  is  a 
“chemotransmitter”  or  “neurohormone”  set  free  into  the  blood 
of  the  hypophyseal  portal  system  when  hypothalamic  nerve 
impulses  stimulate  the  tuber  cells  (7).  Thus,  messages  from 
the  forebrain  may  affect  the  anterior  pituitary  and  adrenal 
glands  by  way  of  the  hypothalamus.  Scharrer  (8)  has  shown 
that  the  hypothalamus  itself  may  produce  a  hormone.  Certain 
cells  in  the  lateromesial  nuclei  appear  to  be  secretory  in  func¬ 
tion. 
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Studies  of  animals  in  the  wild  state  have  shown  that  the 
adrenal  gland  becomes  larger  when  life  is  stressful  and  that  it 
returns  to  a  smaller  size  when  stress  is  reduced.  Christian 
and  Davis  (9)  have  shown  that  decreasing  population  pressure 
in  wild  rats  causes  the  adrenal  to  decrease  in  weight  by  as 
much  as  26  per  cent  in  six  months.  Whether  this  is  due  to 
change  in  size  of  medulla,  cortex,  or  both  is  not  determined. 
The  medulla  secretes  more  adrenalin  (epinephrin)  in  animals 
that  run  away  and  more  noradrenalin  in  animals  that  aggres¬ 
sively  hurt  others  (10).  Such  data  are  beginning  to  indicate 
the  social  and  psychological  causes  of  changes  in  the  autonomic 
system  and  endocrine  glands. 
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SEGMENTAL  AND  SUPRASEGMENTAL  ASPECTS  OF 
THE  CEREBROSPINAL  NERVOUS  SYSTEM 

"Cerebrospinal”  and  "voluntary”  are  both  unsatisfactory 
adjectives  to  describe  this  mechanism.  It  is  the  quickly- 
reactive,  "exterofective”  (1)  apparatus.  The  receptor  organs 
are  varied  and  highly  specialized,  but  the  reflex  mechanism  is 
simple  with  its  receptor,  connector  and  excitor  neurons.  It  is 
planned  for  quick  action,  with  striated  muscle  as  the  effector 
organ,  in  contrast  to  the  more  slowly  acting  smooth  muscle 
of  the  autonomic  system.  The  cerebrospinal  system  gives 
to  the  organism  a  lability  of  responsiveness  that  allows  for 
adequate  reaction  to  the  immediate  environment. 

From  the  anatomical  standpoint  the  nervous  system  is 
built  up  of  segments.  This  is  obvious  in  lower  vertebrates, 
but  as  we  ascend  the  phylogenetic  scale,  special  function  is 
centered  more  and  more  in  the  head-end  of  the  animal.  Eyes, 
ears  and  nose  obviously  are  more  useful  at  the  head-end,  for 
this  is  the  exploring  end  of  the  animal  that  looks,  pokes  and 
smells  into  things.  With  the  specialization  of  the  great 
receptor  organs  special  tracts  to  the  central  nervous  system 
develop;  thus  the  brain  is  built  up  at  the  head-end  of  the  simpler 
segmented  cord.  This  process  is  known  as  "encephalization” 
and  is  the  factor  which  complicates  the  anatomy  of  the 
central  nervous  system  for  one  whose  interest  is  purely  morpho¬ 
logical;  but  if  the  logic  of  the  development  is  understood,  the 
anatomy  becomes  comprehensible. 

Theoretically  the  segment,  or  neuromere,  may  be  taken  as 
the  unit  or  integer  of  the  nervous  system;  then  more  and  more 
complex  mechanisms  can  be  built  up  without  losing  the 
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simple  plan.  Schematically,  the  neuromere  is  made  up  of  a 
sense  organ  receiving  stimuli  from  the  environment,  a  nerve 
from  the  sense  organ  to  a  nerve  center,  and  an  outgoing  motor 
nerve  to  a  muscle.  Thus  the  afferent  limb  of  the  reflex  arc 
carries  news  of  the  environment  to  the  center,  which  relates  the 
incoming  message  to  other  messages;  this  is  integration,  the 
all-important  function  of  the  central  nervous  system.  At 
lower  levels  the  response  is  quite  automatic  and  relatively 
fixed,  although  affected  by  a  number  of  variables  (2),  but  at 
higher  levels  the  nerve  center  interprets  the  afferent  im¬ 
pulses  in  the  light  of  past  experience.  Thus  is  made  possible 
individuality  of  reaction,  learning,  and  intellect.  Out  from 
the  center  then  goes  the  motor  impulse  to  a  muscle  to  express 
the  integrated  sensory  impulse  as  behavior.  By  imagining 
this  simple  mechanism  multiplied  and  complicated  thousands 
of  times,  one  gets  a  mechanistic  idea  of  how  the  brain  works, 
lint,  like  all  mechanistic  views,  this  scheme  is  inadequate  and 
not  true  to  life,  for  correlated  work  on  embryology  and  physiol¬ 
ogy  shows  that  many  quite  complex  forms  of  behavior  are  laid 
down  in  the  anatomy  of  the  spinal  cord,  and  as  soon  as  the 
neuronal  connections  develop,  the  whole  complex  action 
appears  at  once,  functioning  usefully.  It  is  not  gradually 
built  up  by  compounding  simple  reflexes  (3).  Actually,  the 
simple  reflexes  appear  later,  and  are  always  under  the  influence 
of  larger  patterns  of  behavior,  only  being  emancipated  by 
experiment  or  disease.  Nevertheless,  the  functional  unit 
called  a  “reflex  arc”  is  the  best  basis  one  has  for  building  up  a 
working  model  of  the  central  nervous  system,  and  one  must  use 
working  models  as  tools  of  thought. 

SEGMENTAL  MECHANISMS 

In  highly  developed  mammals  like  man  there  are  some 
relatively  simple  reflexes  analogous  to  the  segmental  mecha¬ 
nism.  These  are  the  simple  spinal  reflexes;  some  are  found 
normally  in  man,  others  only  after  transection  of  the  cord 
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has  isolated  the  lower  part  and  left  it  to  function  alone,  uncon¬ 
trolled  by  the  higher  centers.  But  in  spinal  mammals  very 
few  simple  reflex  arc  responses  can  be  elicited.  Stretch  or 
myotatic  reflexes  seem  to  be  the  simplest;  they  take  place 
over  a  two-neuron  arc;  a  large  proprioceptive  fiber  from  the 
muscle  impinges  directly  on  the  motorneuron.  The  result  is 
a  remarkably  localized  and  rapid  reflex. 

Other  reflexes  are  much  more  diffuse  and  work  through  arcs 
made  up  of  3  or  more  neurons  in  the  motor  pool  in  the  gray 
matter  near  the  anterior  horn  cell.  For  example  the  simple 
flexion  reflex,  the  withdrawal  of  the  foot  from  noxious  stimula¬ 
tion,  passes  over  five  or  more  segments.  By  pinching  the  skin 
of  the  dorsum  of  the  foot,  or  by  pricking  the  sole  sharply, 
the  examiner  elicits  hardly  any  response  in  a  normal  man, 
but  when  the  cord  is  transected,  there  is  a  withdrawal  of  the 
foot  with  dorsal  movement  of  the  great  toe,  dorsiflexion  at 
the  ankle,  flexion  at  the  knee  and  thigh.  This  is  commonly 
called  the  “defense  reflex;”  in  reality  it  is  a  withdrawal  or  escape 
response.  It  is  typical  of  cord  injuries,  but  found  to  a  less 
extent  in  any  lesion  of  the  cortico-spinal  tract.  Such  a  flexion 
reflex  can  be  elicited  in  the  legs  when  the  lumbar  cord  has  been 
entirely  isolated  from  the  higher  centers.  Along  with  the 
flexor  response  of  the  stimulated  foot  and  leg,  one  may  observe, 
especially  in  diffuse  lesions,  an  extension  of  the  opposite  foot, 
the  toes  pointing  downwards.  This  is  a  rudimentary  “crossed- 
extension"  reflex  well  known  to  physiologists,  but  often  over¬ 
looked  by  clinicians.  As  mentioned  above,  the  response  may  be 
less  complete;  for  example,  when  the  lesion  is  of  the  cortico¬ 
spinal  tract  in  man,  the  only  remnant  of  the  defense  reflex  may 
be  the  dorsal  extension  of  the  great  toe  known  as  “Babinski’s 
sign.”  This  reflex  is  clinically  of  great  importance  indicating, 
as  it  does,  some  interference  with  the  cortico-spinal  tract. 
The  normal  response  of  the  infant  to  stimulation  of  the  sole  of 
the  foot  is  withdrawal  with  dorsal  movement  of  the  great  toe. 
At  the  end  of  the  first  year  of  life  this  is  reversed  and  plantar- 
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flexion,  the  normal  reflex  movement  of  the  adult,  supervenes. 
It  is  of  interest  that  this  takes  place  at  about  the  time  when  the 
child  is  beginning  to  walk  upright,  indicating  that  plantar 
flexion  is  not  normal  for  quadrupeds,  but  with  the  high  de¬ 
velopment  of  the  cortico-spinal  tract,  plantigrade  feet  and 
upright  walking  a  new  mechanism  controls  the  old.  So  later 
when  a  lesion  of  this  newer  suprasegmental  mechanism  occurs, 
the  underlying  simple  mechanism  emerges,  and  the  “Babinski 
sign”  is  observed. 

Deep  reflexes.  The  simplest  spinal  reflexes  are  the  knee  jerk 
and  the  ankle  jerk.  These  are  responses  to  muscular  stretch¬ 
ing.  In  the  case  of  the  knee  jerk  it  is  the  stretching  of  the 
quadriceps  by  pressure  on  the  patellar  tendon  that  causes  the 
contraction  of  that  muscle  and  the  resulting  kick  of  the  knee. 
Sherrington  speaks  of  them  as  myotatic  reflexes,  or  stretch 
reflexes,  and  has  shown  that  they  are  widely  distributed  and 
play  a  great  r61e  in  maintaining  body  posture.  Stretching 
any  muscle  or  even  part  of  one,  will  cause  a  remarkably  localized 
response;  for  clinical  purposes  it  is  only  a  question  of  choosing 
a  muscle  where  the  tendon  is  sufficiently  exposed  to  allow 
percussion  with  the  reflex  hammer.  Hence  the  ankle  jerk  or 
Achilles  reflex  and  the  knee  jerk,  as  well  as  the  biceps  and 
triceps  are  those  most  commonly  used.  When  these  reflex 
responses  to  stretch  are  very  active  they  indicate  that  the 
postural  centers  of  the  hind  brain  are  overacting,  probably 
because  the  control  from  higher  centers  has  been  cut  off  by  some 
lesion.  This  increased  postural  activity  is  spoken  of  as 
“spasticity”  or  “increased  muscle  tone,”  for  normal  muscle 
“tone”  is  the  result  of  innumerable  stretch  reflexes  keeping  the 
body  in  proper  muscular  adjustment  and  posture.  The  word 
“tone”  or  “tonus”  as  applied  to  skeletal  muscle  has  been  so 
misused  and  confused,  that  it  is  deemed  best  to  discard  it  (4) 
and  to  speak  of  differences  in  tension  whether  they  be  static, 
slow  and  postural,  or  kinetic  and  used  for  quick  movements. 

Impulses  from  the  special  sense  organs  may  also  cause 
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reflexes  which  are  almost  segmental  in  character.  For  ex¬ 
ample,  strong  light  affecting  the  optic  (II)  nerve  causes  contrac¬ 
tion  of  the  pupil  via  the  pretectal  region,  where  thalamus 
goes  over  into  mid-brain.  Here  are  cells  that  send  fibers 
to  the  autonomic  part  of  the  oculomotor  (III)  nuclei.  Thence 
fibers  run  out  with  the  third  nerves  to  constrict  the  pupils  in 
response  to  retinal  stimulation— the  light  reflex  of  the  pupil. 
Fibers  from  area  19  of  the  parieto-oceipital  cortex  also  run 
to  the  pretectal  region,  and  carry  impulses  that  cause  con¬ 
striction  of  the  pupil  when  the  eyes  converge.  When  the 
reaction  to  light  is  lost  and  that  to  convergence  is  retained  the 
pupil  presents  the  Argyll  Robertson  phenomenon,  usually 
seen  in  syphilis.  The  exact  lesion  causing  this  is  not  known, 
but  a  lesion  of  the  wall  of  the  mid-brain  ventricle  (aqueduct) 
might  interrupt  the  light  fibers  and  spare  the  convergence 
fibers. 

Other  reflex  mechanisms  of  the  brain-stem  might  be  de¬ 
scribed,  such  as  those  for  movements  of  the  eyes  related  to 
movements  of  the  eyelids  and  movements  of  the  ear  to  sounds. 
At  the  level  of  the  V  nerve  the  laerymal,  conjunctival,  nasal 
and  jaw  reflexes  have  their  principal  pathways.  Still  lower 
are  integrated  reflex  mechanisms  for  vomiting,  swallowing, 
coughing,  sneezing,  salivation  and  sucking  (V,  IX,  X,  XI  and 
XII).  In  mammals  that  find  safety  only  in  flight,  such  as 
rabbits,  deer  and  antelope,  the  ears  are  large  and  movable 
and  the  eyes  are  large  and  placed  laterally  so  as  to  view  a  wide 
horizon.  A  deer  grazing  with  nose  (I)  “up-wind”  and  eyes 
(II)  watching  to  front  and  sides,  is  well  protected  except  from 
behind.  A  noise  coming  from  this  quarter  causes  a  quick 
reflex  via  the  auditory  (VIII),  facial  (VII),  and  abducens  (VI) 
nuclei  which  turns  the  external  ear  to  the  rear  (VII)  and 
abducts  the  e3reball  (VI)  so  that  the  gaze  is  quickly  turned 
to  the  rear  also.  This  quick  reflex  is  a  triple  reaction  of  the 
bulbar  “sentinel  segment”  (nuclei  VI,  VII,  and  VIII  working 
together  to  make  an  oculogyric-auricular  reflex).  Like  all 
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brain-stem  reflexes,  however,  it  is  not  simply  segmental  but 
needs  short  tracts,  some  of  which,  in  this  case,  go  up  into  the 
mid-brain.  The  list  might  be  prolonged,  but  these  examples 
indicate  how  direct  and  simple  many  reflexes  are,  and  how  the 
complex  nervous  system  of  man  is  really  built  on  a  segmental 
basis.  At  the  segmental  level  whether  in  mid-brain,  bulb 
or  spinal  cord  a  few  neuroineres  act  together  as  a  functional 
unit  to  accomplish  a  quick  reflex  result,  useful  to  the  animal. 

The  anatomy  of  the  brain  is  basically  segmental  which  to  a 


Fiq.  4.  Diagrammatic  Representation  of  the  Underlying  Segmentation 
of  the  Brain-Stem,  Adapted  from  Meyer  (5) 


great  extent  explains  the  mechanism  of  these  reflexes.  If  all 
the  great  suprasegmental  mechanisms  are  removed  there 
remains  the  brain-stem,  extending  from  the  olfactory  bulb 
to  the  cervical  cord.  Robbed  of  its  superimposed  mechanisms 
for  association  it  clearly  shows  its  origin  from  a  segmented 
neural  tube,  but  the  segmentation  is  modified  by  encephaliza- 
tion.  If  the  brain  is  divided  somewhat  arbitrarily  into  func¬ 
tional  units  there  appears  a  distinct  correlation  with  the 
anatomy.  So  it  is  not  too  schematic  to  speak  of  the  segmental 
anatomy  of  the  brain  (5)  as  the  simple  anatomical  foundation 
upon  which  is  built  the  most  complex  of  all  organs.  A  dia¬ 
grammatic  sketch  of  this  underlying  structure  is  shown  in 
figure  4.  It  resembles  strikingly  the  brain  of  a  lizard. 
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Tl.o  olfactory  bulbs  are  forward  prolongations  of  the  brain 
forming  a  distinct  functional  and  anatomical  unit.  Behind 
these  lie  the  optic  nerves  and  the  chiasm,  again  a  well  isolated 
segment.  These  two  are  the  only  fore-brain  mechanisms  that 
may  bo  looked  on  as  segmental.  Just  behind  comes  the 
mid-brain  with  its  oculomotor  nuclei;  it  increases  the  effective¬ 
ness  of  vision  by  allowing  fixation  of  the  image  on  the  retina 
without  turning  the  head. 

I  n,ii<l  1 1  arc  called  olfactory  and  optic  cranial  nerves. 

I I I.  Oculomotor  nerve:  innervates  superior,  inferior  and  medial  recti  muscles, 

inferior  oblique  and  superior  palpebral  muscles;  ciliary  body  and  iris. 
Function:  movement  of  eyeball;  constriction  of  pupil;  accommoda¬ 
tion  of  lens. 

IV.  Trochlear  nerve:  innervates  suporior  oblique  muscle.  Function:  move¬ 

ment,  of  eyeball. 

The  hind-brain  begins  just  behind  the  IV  nucleus  and  takes  in 
the  cranial  nuclei  from  V  to  XII.  This  part  of  the  brain  is 
spoken  of  as  the  medulla  oblongata  consisting  of  the  seg- 
men tally  arranged  nuclei  plus  suprasegmental  mechanisms 
Such  as  the  tracts  connecting  nuclei  and  the  coordinating 
mechanisms  of  the  cerebellum,  with  its  three  sets  of  arms  or 
brachia.  One  of  these  sets,  the  brachium  pontis,  embraces  the 
brainstem  at  the  level  of  the  trigeminal  nucleus,  causing  an 
enlargement  which  gives  the  name  of  pons  to  this  part  of  the 
hind  brain. 

The  most  anterior  segment  of  the  hind-brain,  (“pons”)  is  the 
one  that  contains  the  trigeminal  nuclei,  sending  fibers  to  the 
muscles  for  biting  and  chewing,  and  to  sensory  nerve-endings 
of  the  face.  It  is  the  biting  segment. 

V.  Trigeminal  nerve:  innervates  temporal,  masseter,  digastric  (J)  and 
mylohyoid  (J ) ,  tensor  tympani  and  tensor  palati  muscles.  Sensory 
endings  in  muscles,  skin  of  face,  mucosa  of  mouth  and  nose,  cornea, 
meninges  and  teeth.  Function:  biting,  chewing;  sensation  of  face, 
eye,  whiskers,  and  jaw  muscles. 

The  next  functional  unit  is  composed  of  three  nuclei,  VI, 
VII,  and  VIII,  which  compose  the  middle  segment  of  the  hind- 
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brain.  Anatomically  the  nuclei  lie  close  together  and  the 
nerves  from  them  issue  almost  together  at  the  cerebellopontine 
angle.  Functionally  this  unit  also  has  an  intimate  reflex 
connection,  to  act  as  sentinel  for  a  feeding  animal,  as  described 
above  in  the  oculogyric-auricular  reflex  of  the  grazing  deer 
(p-  40). 

VI.  Abducens  nerve:  innervates  external  rectus  muscle.  Function:  abducts 
eyeball. 

VII.  Facial  nerve:  innervates  submaxillary  and  sublingual  glands,  facial  and 
auricular  muscles,  stapedius,  digastric  (1)  and  stylohyoid  muscles; 
taste  buds  of  anterior  tongue  and  sensory  endings  in  muscles.  Func¬ 
tion:  secretion  of  saliva;  movements  of  face,  ears  and  scalp. 

VIII.  Auditory-vestibular  nerve:  innervates  vestibule  and  cochlea.  Function: 
equilibration;  static  and  kinetic  sense;  hearing. 

The  long  caudal  part  of  the  hind-brain  contains  many 
nuclei,  roughly  divisible  into  IX,  X,  XI,  XII.  To  separate 
these  into  discreet  segments  is  not  practical  for  the  nuclei 
overlap  and  the  fibers  arising  in  one  nucleus  may  run  out  with 
two  or  even  more  nerves.  It  is  better  to  consider  the  whole 
as  the  posterior  segment  of  the  hind-brain;  the  functions  are 
various,  but  all  are  directed  toward  visceral  and  metabolic 
ends.  Here  lie  nuclei  innervating  smooth  muscle:  the  vital 
centers  that  control  the  heart,  blood  pressure,  respiration, 
and  nutritional  functions  such  as  swallowing,  peristalsis, 
and  digestion  (see  autonomic  system,  p.  17  and  21).  The 
striated  muscles  of  the  tongue,  throat  and  neck  aid  in  obtaining 
food,  swallowing  and  respiration,  so  that  even  they  can  be 
considered  as  aiding  vegetative  function.  On  the  sensory  side 
taste  is  important  in  relation  to  nutrition. 

IX.  Glossopharyngeal  nerve:  innervates  parotid  gland  and  pharyngeal  mus¬ 
cles.  Sensory  endings  of  pharynx  and  tongue,  taste  buds  of  posterior 
tongue,  skin  of  part  of  external  ear.  Function:  swallowing,  taste, 
sensation  of  tongue  and  pharynx. 

X.  Vagus  nerve:  innervates  smooth  muscle  of  pharynx,  esophagus,  stomach, 
gut,  heart,  lungs,  etc.,  striated  muscle  of  larynx  and  pharynx.  Sen¬ 
sory  endings  in  heart,  lungs,  and  perhaps  other  viscera,  and  in  skin 
of  part  of  external  ear.  Function:  motor  and  inhibitory  to  viscera, 
swallowing,  phonation,  palate  movements;  sensation  in  viscera,  taste 
on  epiglottis,  skin  sense  in  part  of  external  ear. 
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XI.  Spinal  accessory  nerve:  innervates  striated  pharyngeal  muscles,  trape¬ 
zius,  and  sternomastoid  muscles.  Function:  pharyngeal  movements 
(partial),  movements  of  neck  and  shoulder  (partial),  muscle  sense. 

XII.  Hypoglossal  nerve:  innervates  tongue  muscles.  Function:  movements  of 
tongue,  muscle  sense. 

From  the  functional  standpoint,  therefore,  one  may  enu¬ 
merate  the  nerves  and  name  the  segments  as  follows:  I,  ol¬ 
factory;  II,  optic;  III,  IV,  oculomotor;  V,  biting;  VI,  VII, 
VIII,  sentinel;  IX,  X,  XI,  XII,  nutritional.  The  orderliness 
and  significance  of  this  segmental  arrangement  of  the  brain¬ 
stem  is  more  clearly  seen  if  one  imagines  a  predatory  animal 
in  search  of  game.  First  the  trail  is  picked  up  by  the  olfac¬ 
tory  sense  (I) ;  after  following,  perhaps  for  hours,  the  game  is 
"viewed”  (II)  and  the  chase  starts  in  earnest.  At  close 
quarters  the  dodging  and  quick  movements  of  the  prey  can 
be  followed  only  by  quick  movements  of  the  eyeballs  (III, 
IV).  At  last  the  prey  is  in  reach  and  with  a  swift  bite  (V, 
motor)  guided  by  the  special  whiskers  or  vibrissae  about  the 
mouth  (V,  sensory)  the  quarry  is  seized.  Chewing  is  an  unim¬ 
portant  part  of  the  trigeminal  function  in  carnivora,  for  the 
food  is  torn  and  then  swallowed  in  large  pieces  (X,  XI,  XII) 
while  taste  (IX)  prepares  the  way  for  gastric  secretion  and 
digestion  (IX,  X).  In  this  example  the  middle  segment  of 
the  hind-brain  has  not  been  included  for  it  has  a  special  group 
of  functions,  which  coordinate  to  give  it  the  sentinel  activity 
best  seen  in  the  grazing  mammals  with  lateral  eyes  and  large 
ears,  as  opposed  to  the  carnivorous  animals  with  anteriorly 
placed  eyes,  vibrissae  and  smaller  ears. 

Of  course  this  teleological  explanation  of  the  anatomy  could 
be  carried  to  the  neck  muscles  and  so  on  down  the  cord.  In 
the  brain-stem,  especially,  it  serves  a  useful  purpose  to  have 
such  a  schema  in  mind  for  the  anatomy  is  difficult  to  remem¬ 
ber.  The  clinical  uses  of  such  a  schematic  knowledge  are 
obvious;  most  lesions  of  the  hind-brain  are  large  enough  to 
affect  more  than  one  nucleus,  and  clinical  experience  shows 
that  the  nuclei  are  usually  affected  in  the  groups  above  de- 
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fined.  For  example,  the  syndrome  of  a  tumor  of  the  VIII 
nerve  (at  the  cerebello-pontine  angle)  is  simply  a  gradual 
interference  with  the  function  of  the  “sentinel  segment”  of 
the  hind-brain,  giving  tinnitus,  deafness,  strabismus,  facial 
weakness  all  on  the  affected  side.  As  the  growth  increases  in 
size  neighborhood  symptoms  of  pressure  on  the  trigeminal 
nerve  and  its  segment  may  appear. 

With  this  segmental  diagram  as  a  basis,  the  suprasegmental 
mechanisms  may  be  learned,  and  symptoms  related  to  tracts 
can  be  studied  and  correlated  with  symptoms  related  to  seg¬ 
mental  nuclei  and  neuromuscular  mechanisms. 

SUPRASEGMENTAL  MECHANISMS 

The  study  of  the  central  nervous  system  as  a  segmental 
mechanism  has  a  limited  value ;  the  main  function  of  the  central 
nervous  mechanism  is  integration,  i.e.,  the  building  up  of 
complex  behavior  from  simpler  reflex  patterns.  Thus  the 
tracts  running  along  the  neuraxis  from  one  group  of  cells  to 
another  are  the  simplest  suprasegmental  mechanisms.  In  the 
cord  they  are  called  spino-spinal  tracts,  or  ground  bundles. 
They  subserve  simple  reflexes  such  as  stepping  but  even  as 
complex  an  act  as  scratching  in  response  to  local  skin  irritation 
has  been  shown  by  Sherrington  to  be  due  to  spinal  mechanisms. 
There  are  many  longer  tracts,  however,  whose  cells  of  origin 
are  in  the  dorsal  root  ganglia  of  the  cord,  or  within  the  cord 
itself ;  these  may  go  up  to  hind-brain,  mid-brain  or  fore-brain, 
carrying  sensory  impulses  for  various  purposes.  The  ana¬ 
tomical  arrangement  of  these  fibers  within  the  cord  and  brain 
is  important,  for  many  focal  diagnoses  can  be  made  by  under¬ 
standing  just  where  these  fibers  arise,  where  they  decussate 
and  where  they  end. 

For  convenience  of  classification  the  sensory  impulse  in  the 
spinal  nerves,  cord  and  brain  may  be  divided  into  those  coming 
from  stimuli  outside  the  body,  exteroceptive  stimuli,  and  those 
arising  from  end-organs  within  the  muscles,  bones,  and  joints 
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subserving  position  sense,  the  proprioceptive  stimuli.  Neurolo¬ 
gists  neglected  the  latter  until  Sherrington  showed  how  im¬ 
portant  were  the  proprioceptive  or  deep  sensations.  In  fact 
it  is  probable  that  almost  every  muscle,  tendon  joint  and  bone 
has  sensory  endings  which  send  impulses  to  the  cord  and 
brain,  initiating  many  of  our  most  fundamental  reflexes, 
especially  those  that  regulate  posture.  These  proprioceptive 
impulses  have  rapid  conduction  along  large  fibers  and  take 
a  course  either  to  the  cerebral  cortex  via  the  thalamus,  or  to 
the  cerebellum  via  the  bulb.  The  former,  therefore,  reaches 
the  higher  levels  of  integration  where  the  impulses  attain  the 
greatest  refinement  of  analysis,  and  where  discriminations  are 
made  by  the  most  highly  developed  associative  mechanisms. 
In  other  words,  these  sensations  clearly  enter  consciousness 
(for  a  discussion  of  the  term  “consciousness,”  see  chapter  VI) ; 
whereas,  those  that  go  to  the  cerebellum  are  practically  un¬ 
conscious  for  they  set  up  automatic  reflexes.  Diagrammati- 
cally,  the  course  taken  by  these  sensory  impulses  can  be  indi¬ 
cated  by  naming  the  location  of  the  cells  of  origin  and  the 
tracts  involved  in  each  chain  of  neurons: 


Path  I 

( More  conscious) 


Path  II 
( Unconscious ) 


Cerebral  cortex 


T 


Thalamocortical  tracts 


T 


Thalamus 


Cerebellar  cortex 


Medial  lemniscus 

(decussation) 


Cuneate  or  gracile  nucleus 

T 


Spinocerebellar  tract 

T 


Dorsal  tracts  (Goll  and  Burdach) 


Dorsal  nucleus  (Clarke) 


\ 

\ 


/ 


Dorsal  root  ganglion 

T 

Proprioceptive  end-organs  in  muscles,  tendon  and  joints 
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Here  it  is  seen  that  the  sensations  arising  from  changes  in 
position  of  a  limb  are  carried  to  two  terminal  receiving  sta¬ 
tions,  cerebral  and  cerebellar  (as  well  as  to  many  lower  reflex 
levels).  On  the  way  to  the  cerebrum,  by  path  I,  and  also  by 
paths  III  and  IV,  all  impulses  are  relayed  through  the  thala¬ 
mus,  where  there  may  perhaps  be  a  crude  sort  of  consciousness, 
much  more  emotional  than  discriminative,  what  Clark  (6) 
calls  "the  very  threshold  of  consciousness.”  At  the  cerebral 
level  the  attentive  organism  may  consciously  discriminate 
between  the  various  sensations,  analyzing  quality,  quantity, 
time,  and  space  relations,  and  other  refinements.  In  the 
cerebellum,  no  such  conscious  attention  is  possible;  it  is  a 
coordinating  mechanism  and  the  proprioceptive  impulses 
coming  into  the  vestibular  nuclei  and  the  cerebellar  cortex 
give  information  that  allows  the  efferent  pathways  to  send 
impulses  to  the  motor  cells  and  synergize  muscular  movement 
(fig.  5).  It  is  obvious  that  a  "voluntary”  movement  of  the 
hand,  ordered  by  impulses  coming  from  cerebral  centers, 
must  be  differently  planned  when  the  hand  is  hanging  open 
at  the  side,  than  it  would  be  if  the  hand  were  closed  in  the  coat 
pocket.  The  rapid  proprioceptive  impulses  let  the  cerebellar 
apparatus  know  when  a  muscle  or  limb  moves,  so  that  prepara¬ 
tion  is  made  by  proper  posture  of  the  limb  for  the  more  special 
“voluntary”  motion. 

Postural  activity  is  carried  on  by  reflex  movements  at  the 
end  of  which  the  position  attained  is  held  as  a  posture  for 
varying  periods  of  time.  This  depends  largely  upon  afferent 
paths  arising  in  the  proprioceptive  organs  of  muscle,  tendon, 
or  vestibule.  The  simplest  reflex  result  of  impulses  from  sense 
organs  in  the  muscles  is  the  myotatic  reflex,  and  from  it  may 
be  built  up  by  central  nervous  integration  with  the  ear,  eye, 
skin,  etc.,  all  the  phenomena  of  postural  contraction.  In  fact 
the  postural  contraction  of  muscle  groups1  is  due  to  a  beautifully 

1  This  is  the  state  of  muscular  tension  often  spoken  of  as  “tone,”  a  term  so 
vague  and  misused  that  it  is  best  avoided. 
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graded  series  of  proprioceptive  reflexes,  continuously  and 
unconsciously  playing  its  part. 

The  sensory  pathways  from  the  end-organs  in  the  skin  and 


Fig.  5.  Diagram  Showing  Afferent  (Sensory)  Pathways  from  the 
Spinal  Cord  to  the  Cerebellum  and  Cerebrum 
(1)  Dorsal  root  ganglion  with  exteroceptive  fiber  entering  to  cross  the  cord 
and  proceed  after  a  relay  up  the  (4)  spino-thalamic  tract;  in  the  cord  section 
at  T 2  is  shown  the  arrangement  of  sacral,  lumbar,  and  thoracic  fibers  (S,  L, 
and  T),  but  there  is  considerable  overlapping  of  these  divisions.  (2)  Proprio¬ 
ceptive  fibers,  entering  via  dorsal  root  ganglion  and  passing  upwards  to  relay 
in  the  cuneate  nucleus,  cross  and  proceed  from  there  upwards  in  (5)  the  medial 
lemniscus.  From  the  thalamus,  both  tracts  (4  and  5)  are  relayed  up  to  the 
cortex  in  the  (6)  thalamo-cortical  tracts.  (3)  is  the  spino-cerebellar  tract: 
proprioceptive  fibers  which  enter  the  cord,  immediately  have  a  relay  in  the 
dorsal  nucleus  (Clarke)  and,  remaining  on  the  same  side,  go  directly  to  the 
cerebellar  cortex.  (7)  represents  a  short  spino-spinal  tract,  representing  the 
many  short  connecting  neurons  known  as  “ground  bundles,”  which  go  up  and 
down  in  the  white  matter  nearest  the  gray  (S-S).  D  =  dentate. 


mucous  membranes  (the  great  somatic  sensory  in-flow  for 
touch,  pain,  heat  and  cold)  are  shown  diagrammatically  in 
Paths  III  and  IV.  Here  are  illustrated  the  exteroceptive  sen¬ 
sory  pathways  that  reach  consciousness  at  at  least  two  levels: 
crudely  in  the  thalamus  and  with  refinement  in  the  cerebral 
cortex.  These  are  the  sensations  we  all  know  about.  They 
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are  important  for  our  happiness  and  survival,  but  they  are  no 
more  important  than  the  impulses  that  work  on  the  lower 
automatic  levels  and  do  not  reach  consciousness. 


Path  III 

(£  touch,  heat,  cold  and  pain) 
Cerebral  Cortex 

Thalamocortical  Tract 
Thalamus 

Spinothalamic  Tract 
(Decussation) 

Dorsal  Horn  Cell 

(heat,  cold,  £  touch  and  pain) 

u. 


Path  IV 
(j  touch) 

Cerebral  Cortex 

A 

Thalamocortical  Tract 
Thalamus 

A 

Medial  Lemniscus 
(Decussation) 

Cuneate  or  Gracile  Nucleus 

Dorsal  Tracts 
(J  touch  crossing  little  by 
little) 


Dorsal  root  ganglion 


Exteroceptive  end-organs  in  skin,  mucosa,  etc. 


PAIN 

The  modality  of  sensation  called  pain  is  one  of  the  greatest 
concerns  of  medicine.  Much  of  a  physician’s  practice  is  directed 
towards  the  relief  of  pain.  Excessive  stimulation  of  many 
sensory  receptors  other  than  pain  endings  can  cause  disagree¬ 
able  sensation,  but  clinical  pain  is  usually  a  specific  sensation 
with  specific  end-organs.  These  have  a  vide  distribution 
throughout  the  organism  in  skin,  mucous  and  serous  mem¬ 
branes,  muscle,  connective  tissue,  blood  vessels  and  viscera. 
The  end-organs  that  receive  painful  stimuli  are  simple,  naked 
terminals  of  fine,  myelinated  or  non-myelinated  nerves.  They 
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are  especially  abundant  in  the  skin,  the  mucous  membranes  of 
the  mouth  and  its  associated  cavities  (innervation  by  cranial 
nerves  Y,  IX,  and  X),  and  below  in  the  stratified  epithelium  of 
the  anus,  vagina  and  urethra  (innervated  by  the  pudendal 
plexus).  The  adequate  stimuli  for  these  end-organs  is  pricking, 
cutting,  heavy  pressure  and  extremes  of  heat  and  cold.  In 
other  areas,  such  as  the  viscera,  where  the  nerve  endings  are 
more  sparsely  distributed,  summation  of  stimuli  is  needed  to 
bring  impulses  to  threshold  level  and  stretching  of  a  fairly 
extensive  area  of  innervated  membrane  is  a  common  stimulus, 
or  ischemia  in  the  case  of  the  heart.  Inflammation,  however, 
can  lower  the  threshold  so  that  a  viscus  or  vessel  becomes 
acutely  sensitive. 

Most  of  the  data  concerning  pain  have  been  collected  by 
physiologically  trained  surgeons,  who  have  ingeniously  ex¬ 
plored  the  field  of  human  pain  while  operating  with  local  an¬ 
esthesia.  A  recent  book  by  White  and  Sweet  (7)  admirably 
summarizes  these  observations.  Not  only  have  they  explored 
the  psychology  of  painful  sensation,  but  they  have  tracked 
down  the  paths  of  conduction  from  peripheral  nerve  to  cerebral 
cortex.  These  paths  must  be  accurately  known  if  operations 
are  to  be  performed  to  relieve  pain  by  neurectomy  or  trac¬ 
totomy.  The  spinothalamic  tract  is  obviously  the  commonest 
point  for  therapeutic  attack,  either  at  spinal  or  brainstem  levels. 
But  thalamus,  thalamo-cortical  tracts,  and  cerebral  cortex  may 
also  be  chosen  for  operative  interruption  of  painful  impulses. 

Figure  5  and  the  diagram  on  page  49  are  simplified  and  sche¬ 
matic.  There  are  many  individual  variations.  For  example, 
White  and  Sweet  found  that  a  small  proportion  of  patients  have 
some  ipsilateral  pain  fibers  in  the  spinothalamic  tract  and  that 
in  some  of  these  cases  section  of  the  opposite  antero-lateral  cord 
quadrant  is  not  enough  to  relieve  pain  from  below.  Details 
cannot  be  discussed  here.  The  reader  is  referred  to  White  and 
Sweet  (7)  for  elaboration  of  this  important  subject. 

In  the  study  of  clinical  pain,  one  source  of  confusion  is  largely 
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semantic.  This  is  the  discussion  as  to  whether  or  not  the  auto¬ 
nomic  nervous  system  contains  sensory  fibers.  Is  visceral 
pain  “sympathetic”?  On  page  10,  the  autonomic  nervous 
system  is  defined  as  entirely  motor.  Accepting  this  definition, 
one  then  defines  the  sensory  nerves  that  run  with  autonomic 
trunks  as  viscero-sensory  nerves.  They  are  similar  to  the 
sensory  nerves  from  deep  somatic2  structures,  such  as  muscle, 
in  their  structure  and  anatomical  arrangement.  As  Lewis  (8) 
says  in  his  classical  monograph  on  pain,  “physiologically  and 
anatomically  pain  fibers  supplying  the  two  types  of  tissues  are 
alike;  and  the  fact  that  those  from  somatic  structures  at  first 
use  the  channel  of  the  spinal  nerve,  and  that  those  from  visceral 
structures  at  first  use  the  channel  of  the  anatomical  sympa¬ 
thetic  system  before  entering  the  posterior  roots,  is  really  im¬ 
material.”  Other  authorities,  such  as  Mitchell  (0)  do  not 
agree  with  this  terminology. 

Although  the  question  regarding  the  supply  of  sensory  fibers 
over  sympathetic  pathways  in  the  splanchnic  and  other  visceral 
nerves  appears  to  have  been  definitely  settled,  there  is  still 
active  debate  as  to  whether  afferent  fibers  from  the  limbs  can 
reach  the  spinal  cord  via  accessory  sympathetic  pathways  out¬ 
side  the  brachial  and  lumbosacral  plexuses.  Sympathectomy 
is  known  to  relieve  certain  peripheral  neuralgias  such  as  Weir 
Mitchell’s  causalgia,  but  the  best  evidence  to  date  suggests 
that  the  pain  is  relieved  by  interrupting  an  efferent  limb  of  a 
reflex  arc.  Stimulating  lumbar  and  upper  thoracic  sympa¬ 
thetic  ganglia  in  conscious  patients  has  only  produced  pain  in 
the  extremity  in  those  who  are  afflicted  with  causalgia  (7). 

Another  clinically  important  phenomenon  is  referred  pain. 
It  has  frequently  been  observed  that  pain  from  deep  structures 
is  poorly  localized  by  the  sufferer.  In  fact,  pain  from  a  viscus 

1  Here  is  another  semantic  difficulty.  Home  authors  uho  the  term  “somatic” 
to  refer  to  the  whole  organism  as  opposed  to  the  mind  (viz.  “psychosomatic”). 
Here  we  use  the  embryologioal  distinction  of  somatic  vn.  visceral  as  Herrick 
12)  and  other  neuroanatomists  apply  the  terms. 
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such  as  the  gall  bladder  may  be  felt  as  a  superficial  burning  in 
the  skin  of  the  scapular  region;  similarly,  the  pain  of  angina 
pectoris  is  characteristically  referred  to  the  arm.  This  sort  of 
false  localization  is  probably  best  explained  by  the  theory  that 
impulses  from  skin,  muscle,  and  viscera  enter  a  network  of  in- 
ternuncial  neurons  in  the  spinal  gray  matter.  When  the  im¬ 
pulses  are  excessive  they  spread  to  higher  and  lower  spinal 
segments,  and  on  reaching  cerebral  levels  are  interpreted  as 
coming  from  structures  other  than  their  true  source.  Wolff  and 
Hardy  (10),  who  have  done  significant  work  on  referred  pain, 
differentiate  “true  visceral  and  deep  somatic  pain”  from  “re¬ 
ferred  pain.”  The  former  is  felt  at  the  site  of  primary  stimu¬ 
lation,  the  latter  is  erroneously  felt  at  another  site  in  tissues 
supplied  by  nerves  from  the  same  or  adjacent  spinal  segments. 

There  are  a  number  of  other  reasons  for  reference  of  visceral 
pain  to  cutaneous  dermatomes  which  correspond  to  the  spinal 
segments  at  which  visceral  pain  reaches  the  spinal  cord  from 
the  cardiac  and  splanchnic  plexuses.  There  are  insufficient 
neurones  in  the  spinothalamic  tract  to  supply  all  the  pain 
fibers  that  enter  the  cord  in  the  posterior  spinal  root  system. 
Therefore,  some  visceral  and  cutaneous  afferents  must  share  a 
common  secondary  spinothalamic  pain  fiber  in  order  to  reach 
the  sensorium.  As  the  individual  has  developed  no  cortical 
mechanism  for  localizing  deep  pain,  it  will  appear  as  an  illusion 
coming  from  the  surface  of  the  body.  Furthermore,  blocking 
the  superficial  areas  to  which  visceral  pain  is  referred  will  not 
prevent  the  sufferer  from  feeling  it.  For  instance,  Lewis  (8) 
observed  that  angina  pectoris  was  not  relieved  by  regional  pro¬ 
caine  block  of  the  painful  area  in  the  precordium;  Cohen  (11) 
described  anginal  reference  to  a  phantom  arm  in  two  individuals 
who  developed  coronary  disease  after  shoulder  amputation. 
Deep  abdominal  pain  and  tenderness  is  still  experienced  after 
complete  infiltration  of  the  abdominal  wall  with  a  regional 
anesthetic,  but  is  abolished  as  soon  as  the  splanchnic  nerves  are 
blocked.  Therefore,  in  order  to  abolish  visceral  pain  it  is  al- 
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ways  necessary  for  the  neurosurgeon  either  to  remove  the  re¬ 
gional  sympathetic  pathways  or  to  cut  the  corresponding  pos¬ 
terior  spinal  sensory  roots. 

Clinical  examination  for  sensory  abnormalities  should  be 
carefully  planned  in  the  light  of  the  anatomy  and  physiology. 
The  usual  rough  test  for  tactile  sense  on  the  skin  is  only  of  use 
in  gross  peripheral  nerve  wounds  or  transections  of  the  spinal 
cord.  This  sort  of  examination  is  invalidated  by  its  rough¬ 
ness,  for  any  slight  weight,  just  enough  to  depress  the  skin, 
arouses  not  only  cutaneous  tactile  sense  (crossed  exteroceptive) 
but  also  deep  pressure  sense  (proprioceptive)  which  is  not 
crossed  in  the  cord.  To  test  true  cutaneous  tactile  sense 
alone  the  examiner  must  use  a  small  camel’s  hair  brush  with 
most  of  the  hairs  cut  away,  for  a  thick  bunch  of  hairs  will 
easily  depress  the  skin  and  stimulate  proprioceptive  endings 
in  the  subcutaneous  structures.  This  is  of  practical  impor¬ 
tance,  for  even  where  the  rough  examinations  for  "anesthesia” 
with  finger  or  cotton  wad  show  nothing,  examination  for  pain 
(with  sharp  steel  pin)  or  for  heat  or  cold  (with  test  tubes  of 
water)  will  often  bring  out  important  areas  of  anesthesia.  In 
other  words,  the  afferent  pathways  for  touch  in  the  cord  are 
so  widespread  that  tactile  anesthesia  is  rare  in  cord  lesions; 
whereas,  loss  of  pain,  heat,  cold,  position  and  vibration  sense 
is  common  and  easily  recognized,  if  the  examiner  will  provide 
himself  with  the  simple  but  important  instruments:  a  sharp 
steel  pin  stuck  into  a  "throat  stick,”  a  depleted  camel’s  hair 
brush,  a  tuning  fork  and  a  pair  of  test  tubes.  It  is  better 
still  to  have  the  pin  on  a  spring  handle  of  known  weight,  and 
the  hairs  tested  so  that  their  pressure  on  the  skin  is  known. 
Then  the  examinations  have  a  quantitative  value  and  may  be 
accurately  repeated. 

Lesions  in  the  peripheral  nerves  usually  cut  off  all  the  fibers 
together.  Unlike  cord  lesions,  the  result  is  complete  anes¬ 
thesia,  but  in  a  restricted  area  coinciding  with  the  known 
skin  distribution  of  some  peripheral  nerve.  The  skin  areas 
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corresponding  to  spinal  cord  and  cranial  nerve  segments  are 
equally  important.  Charts  of  these  cutaneous  areas  are  ob¬ 
tainable  and  should  be  used  to  make  records  at  the  time  of 
examination,  for  an  accurate  record  set  down  on  a  chart,  gives 
data  that  are  of  great  value  at  the  next  examination.  After  a 
careful  examination  and  charting  of  the  results,  it  is  obvious 
that  a  cord  lesion  can  be  distinguished  from  a  peripheral  nerve 
lesion  at  a  glance,  and  root  lesions  from  peripheral  nerve 
lesions. 

At  the  central  termination  of  the  sensory  peripheral  nerve, 
internuncial  neurons  and  sensory  tracts  complicate  the  reflex 
arc.  The  sensory  tracts  are  suprasegmental  mechanisms.  In 
the  cord  the  arrangement  is  relatively  simple,  but  as  the  more 
complex  head  structures  have  developed,  eneephali/.ation  has 
enormously  complicated  the  brainstem.  If  one  keeps  in  mind 
the  diagram  of  the  segmental  structure,  however,  the  general 
anatomy  of  the  cranial  nerves  may  be  understood.  All  are 
based  on  the  scheme  of  the  spinal  cord  segment,  with  ventral 
motor  nuclei,  lateral  autonomic,  and  dorsal  sensory.  Accord 
ing  to  the  amount  and  kind  of  specialization  the  motor  may 
have  been  increased  at  the  expense  of  the  sensory,  or  vice  versa. 
For  example,  the  third  cranial  nerve  has  a  large  motor  compo 
nent  (oculomotor)  and  perhaps  some  proprioceptive  component, 
but  the  cutaneous  sensory  component  is  lacking.  On  the  other 
hand,  the  eight  nerve  has  a  special  end  organ  (the  organ  of  Oorti) 
for  receiving  tactile  impressions  from  waves  of  sound  the  ex 
teroceptive  component.  There  is  also  a  great  proprioceptive 
component  in  the  vestibular  apparatus,  where  special  organs 
record  the  position  of  the  head  in  relation  to  gravity  and  accel¬ 
eration.  The  motor  component  is  lacking.  The  tirst  and 
second  cranial  nerves  are  exceptions  because  they  art'  not  true 
nerves  at  all,  but  prolongations  of  brain  substances  into  the 
anterior  fossa  and  orbit. 

The  brain  is  largely  made  up  of  many  and  complicated 
suprasegmental  mechanisms;  these  are  the  tracts  joining  one 
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segmental  sensory-motor  apparatus  with  another  for  the  effec¬ 
tive  functioning  of  the  whole.  In  short,  the  brain  is  an  in¬ 
tegrating  mechanism  to  coordinate  distant  and  neighboring 
segments  with  the  great  cranial  sense  organs.  The  anatomy 
is  complex  but  the  fundamentals  are  not  difficult  to  grasp  if 
the  underlying  principle  is  kept  in  mind.  As  an  example  of 
suprasegmental  mechanism  the  mechanism  of  respiration  may 
be  taken  as  one  of  those  most  vital  to  the  organism.  In  the 
lower  hind-brain  lies  the  conventionally  known  "respiratory 
center”;  it  is  part  of  IX,  X,  XI  nucleus  complex.  Here 
afferent  impulses  arrive  from  the  lung  and  reflexly  go  out 
over  motor  fibers  to  the  lung.  Moreover,  the  blood  in  the 
capillaries  about  certain  cells  of  the  nucleus  of  the  tractus 
solitaries  affect  those  cells  chemically,  excess  of  carbon  dioxide 
being  the  most  important  stimulant  to  increase  respiration. 
Besides  the  motor  fibers  to  the  smooth  muscle  of  the  lung  from 
the  dorsal  nucleus  of  the  vagus  there  are  reflex  pathways  to  the 
cervical  cord  segments  where  impulses  go  out  over  fibers  to 
the  diaphragm  and  intercostal  muscles.  This  is  probably 
but  a  rudimentary  mechanism  and,  if  acting  alone  without 
the  collaboration  of  the  higher  respiratory  centers,  causes 
only  slow  gasping  respirations.  Al.  a  higher  level  in  the  brain 
stem  are  other  nuclei.  Tracts  connect  them  with  the  vagus 
centers,  and  these  working  together  give  the  animal  rhythmic 
respiration.  The  coordination  of  respiration  with  speech  is 
probably  carried  on  by  centers  in  the  striatum.  Thus  short 
tracts  from  one  of  these  centers  to  another  coordinate  the 
apparatus  and  cause  smooth  and  efficient  function.  Such  a 
mechanism  can  be  compared  to  the  intrinsic  spinal  mecha¬ 
nisms,  e.g.,  those  for  simple  progressive  movements  of  the 
four  logs  which  use  the  short  spino-spinal  tracts.  The  respira¬ 
tory  mechanism  in  an  analogous  way  connects  one  part  of  the 
brain-stem  with  another  via  neurons  in  the  reticular  formation. 
Although  anatomically  more  ccphalad  and  therefore  sur¬ 
rounded  by  much  more  complex  nervous  tissue,  the  respiratory 
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mechanism,  likt'  mechanisms  in  the  cord,  functions  at  an 
automatic  and  largely  unconscious  level. 

lilQUIIilHUIUM 

Another  mechanism  that  links  together  many  nuclei  and 
connects  brain-, stem  and  cord  for  a  certain  group  of  functions, 
has  its  principal  paths  in  the  vestibular  tract  of  the  reticular 
formation  and  in  the  medial  longitudinal  fasciculus  (MFF). 
Rssentially  an  elaboration  of  the  cquilihratory  apparatus  of 
the  brain-stem,  it.  has  widespread  effect  on  other  segments 
(tig.  0).  The  vestibular  nerve  comes  in  from  the  sense- 
organs  in  the  ampullae,  saccule,  and  vestibule,  to  end  in  five 
nuclei  of  the  hind  brain. 

From  the  otolith  organ  in  the  saccule  the  impulses  go  largely 
to  the  lateral  nucleus  (FAT),  from  the  hair-like  end-organs  in 
the  ampullae  of  the  semicircular  canals  the  impulses  go  to  all 
live  nuclei,  but  mainly  to  the  superior  (S)  and  medial  (M) 
nuclei.  Thus  the  antigravity  reflexes  are  largely  integrated 
through  the  lateral  nucleus  (FAT)  and  the  spinal  nucleus  (SP), 
while  the  reflexes  concerned  with  movement,  acceleration  and 
deceleration,  pass  through  the  superior  and  mesial  nuclei. 
The  whole  group  of  nuclei  and  tracts  is  a  single  reflex  unit;  a 
diagrammatic  representation  such  as  figure  6  cannot  be  com¬ 
plete  for  all  the  neurons  have  collaterals  that  play  upon  each 
other  in  a  most  complex  way.  These  facilitate  and  inhibit 
so  that,  various  reflex  patterns  may  arise,  according  to  the 
state  of  activity  of  the  different  component  neurons  when 
new  sots  of  stimuli  reach  the  nuclei  from  the  end-organs. 
Nevertheless,  for  practical  purposes,  there  can  be  said  to  be 
five  entering  sets  of  fibers,  five  main  nuclei,  and  five  tracts 
connecting  the  nuclei  with  other  neural  mechanisms.  The 
crossed  vestibule-spinal  tract  descends  directly  from  the 
nucleus  of  that  name  to  run  along  the  spinal  cord  to  affect 
the  motor  neurons.  From  the  lateral  nucleus  an  uncrossed 
tract  descends  to  the  spinal  cord.  The  tract  from  the  ves- 
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Fig.  6.  Diagram  of  the  Connections  between  the  Oculomotor,  Vesti¬ 
bular,  Vagal  and  Spinal  Mechanisms 
The  retieulo-spinal  tract  (It-S.T)  and  the  medial  longitudinal  fasciculus 
(M.L.F)  are  examples  of  supra-segmental  mechanisms  in  the  brain  stem  coordi¬ 
nating  cranial  and  cord  segments.  The  nuclei  of  the  mid-brain  are  connected 
with  those  of  the  hind-brain  and  upper  spinal  cord.  N. M.L.F.  =  nucleus  of 
the  medial  longitudinal  fasciculus.  N.III  =  oculomotor  nucleus.  N.IV  = 
trochloar  nucleus.  N.VI  >=  abducens  nucleus.  V-C  =  vestibulocerebellar 
nucleus.  V-ST  =  vestibulo-spinal  tract.  S  =  superior  vestibular  nucleus. 
M  *»  medial  vestibular  nucleus.  N.X  =  vagus  nucleus.  N.XI  =  accessory- 
nucleus.  C.l,  C.2,  etc.  =  cervical  cord  segments.  V-M.T.  =  vestibular- 
mesencephalic  tract. 
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tibulo-cerebellar  nucleus  (V-C)  goes  upward  to  end  shortly 
in  the  cerebellum;  in  fact,  the  cerebellum  can  be  looked  on 
functionally  and  anatomically  as  an  elaborate  outgrowth  of 
the  vestibular  nuclei.  From  the  superior  nucleus  a  tract 
runs  to  the  mid-brain  and  thalamus.  This  may  be  the  path 
that  allows  impulses  to  reach  the  conscious  level,  causing 
vertigo  and  lesser  sensations.  The  long  tracts  connecting  the 
superior  (S)  and  medial  (M)  nuclei  with  other  functional 
units  are:  the  vestibulo-mesencephalic  tract  (Y-M.T)  the 
medial  longitudinal  fasciculus  (also  known  as  the  dorsal  medial 
fasciculus),  and  an  ill-defined,  interrupted,  but  effective  tract 
in  the  reticular  formation  which  reaches  the  cord  as  the  reticulo¬ 
spinal  tract  (R-S.T).  The  fasciculus  and  the  tract  in  the  reticu¬ 
lar  formation  make  important  physiological  connections;  fibers 
after  leaving  the  nuclei  divide  and  go  up  and  down  the  neuraxis 
in  both  tracts:  upwards  they  go  through  the  brain-stem  to  the 
upper  mid-brain,  connecting  especially  with  the  III,  IV,  and 
VI  nuclei,  and  downwards  to  the  X  and  XI  nuclei  and  the  upper 
cervical  cord,  where  they  overlap  the  more  caudal  innervation 
of  the  vestibulospinal  tracts. 

Consider  the  functional  significance  of  these  connections. 
Strong  stimulation  of  the  vestibular  end-organs  causes  im¬ 
pulses  to  run  to  the  five  vestibular  nuclei,  and  spread  along 
the  medial  longitudinal  fasciculus  and  reticular  formation  to 
the  III,  IV,  and  VI  nuclei,  causing  rhythmic  motions  of  the 
eyes  (nystagmus).  Also,  the  spread  downward  goes  to  the 
X  nucleus  and  sets  up  nausea,  and  to  the  XI  and  upper  cervical 
motor  cells  making  abnormal  postures  of  the  head  (if  the 
stimulation  be  unilateral).  From  the  vestibulo-spinal  nuclei, 
the  spread  to  the  cord  may  set  up  staggering  gait  and  unsteady 
movements  of  the  hands.  From  the  vestibulo-cerebellar 
nucleus  impulses  to  the  cerebellum  cause  disturbances  of 
posture.  Vertigo  may  be  caused  by  spread  of  impulses  along 
the  vestibulo-mesencephalic  path  to  the  levels  of  the  thalamus 
or  cerebrum.  The  total  picture  is  that  of  sea-sickness  due  to 
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overstimulation  of  the  vestibular  end-organs.  Constant 
rhythmic  oculomotor  stimulation  (as  in  “car-sickness”)  may 
do  the  same  thing.  Moreover,  nausea  arising  from  the  stomach 
may  cause  vertigo  via,  the  vagus  and  set  off  the  same  train  of 
symptoms.  This  medial  longitudinal  fasciculus  then  is  a  purely 
suprasegmenfal  mechanism  a  mechanism  with  no  segmental 
function,  it  is  a  “middle-man”  in  the  economy  of  the  organism. 

THE  THALAMUS 

In  the  lower  part  of  the  fore-brain  below  and  medial  to  the 
striate  bodies  lie  two  masses  of  nuclei  known  as  the  thalami.3 
They  are  in  the  diencephalon  or  “between  brain”  so-called 
because  of  its  mesial  position  at  the  base  between  the  hemi¬ 
spheres.  It  thus  might  be  considered  one  of  the  basal  ganglia 
(figs.  9  and  13)  or  the  sensory  gray  mass  at  the  cephalic 
end  of  the  brain  stem. 

The  thalamus  is  the  relay  station  for  tracts  from  the  cord, 
brain-stem,  optic  nerves  and  hypothalamus  and  hence  is  a 
reflex  suprasegmental  mechanism  of  great  importance.  The 
sensory  tracts  to  the  thalamus  are  from  all  levels.  The  spino¬ 
thalamic  tract  brings  in  somatic  sensory  stimuli  from  the  whole 
body  surface;  the  medial  lemniscus  (bulbo-thalamic)  brings  in 
mostly  the  stimuli  from  proprioceptive  end-organs;  the  dorsal 
and  ventral  trigeminal  tracts  supply  sensory  impulses  from 
the  facial  region.  Auditory  stimuli  reach  the  medial  geniculate 
body  by  way  of  the  lateral  lemniscus  and  the  cerebellum  sends 
stimuli  through  its  superior  arms  to  the  ventral  nucleus.  The 
optic  nerves  go  quite  directly  to  the  lateral  geniculate  bodies. 
Autonomic  components  from  the  hypothalamus  play  upon  the 
anterior  nucleus  by  way  of  the  mammilo-thalamic  tract  “keep¬ 
ing  the  thalamus  awake”  by  what  Itanson  (13)  calls  the  emo¬ 
tional  drive  of  the  hypothalamus.  IClectroencephalographic 
investigations  have  shown  that  neural  discharges  from  the 

a  The  adjective  “optic”  formerly  used  with  “thalamus”  is  only  of  historical 
interest,  confuses  the  student,  and  is  obsolete. 
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cerebral  cortex  set  up  activity  in  the  thalamus  and  vice  versa 
(see  p.  1 13  and  fig.  13). 

In  lower  vertebrates,  where  there  is  only  a  rudimentary 
cerebrum,  the  thalamus  is  the  main  sensory  receiving  station 
and  its  efferent  tracts  go  to  motor  nuclei  of  the  basal  ganglia, 
which  in  those  animals  serve  as  the  chief  motor  mechanism. 
This  paleothalamus  (which  corresponds  to  the  medial  nuclei 
of  higher  animals)  has  efferent  neurons  which  play  directly 
on  the  “old  motor  system”  (caudate  and  pallidum,  see  fig. 
9).  In  mammals  with  a  well  developed  cortex  a  new  nuclear 
mass  is  added  laterally;  its  principal  connections  are  with  the 
cerebral  cortex  by  great  projection  tracts  to  the  sensory-motor 
area,  the  visual  area  in  the  occipital  lobe,  the  auditory  receiving 
station  and  the  frontal  lobe.  Connections  with  the  limbic  sys¬ 
tem  or  rhinencephalon  are  by  way  of  the  hypothalamus  (see 
p.  28).  In  the  reverse  direction  there  are  cortico-thalamic 
neurons  from  all  the  main  cortical  areas. 

Besides  these  specific,  well  known  thalamo-cortical  tracts, 
there  is  a  diffuse,  non-specific  system  of  projections  from  thala¬ 
mus  to  cortex  and  back ;  it  is  connected  with  both  hemispheres 
and  arises  from  many  parts  of  the  thalamus,  especially  the 
intralaminar  and  the  reticular  nuclei.  Penfield’s  (14)  “centren- 
cephalic  system”  probably  is  based  on  these  structures  (see 
Chapter  VI  and  fig.  13). 

Small  lesions  of  the  thalamus  in  man  have  varied  symptoms 
according  to  their  location.  In  the  lateral  geniculate  a  lesion 
will  interrupt  the  visual  relay  to  the  cortex  and  cause  hemi- 
anopia.  Lesions  of  the  ventral  nucleus  cause  peculiar  sensa¬ 
tions  in  the  opposite  half  of  the  body;  sensory  perception  is  not 
altogether  lost  but  is  diminished  and  the  affected  side  feels 
numb  and  is  subject  to  attacks  of  burning  pain;  in  other  words 
there  is  hemihypesthesia  with  paresthesia.  The  attacks  of 
pain  usually  are  set  up  by  environmental  stimulation,  such  as 
touch  or  pressure,  but  the  stimulus  may  be  indirect  and  emo¬ 
tional,  as  in  the  case  of  the  man  who  could  not  bear  to  hear 
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stirring  music  because  he  felt  it  in  his  left  side  as  a  pain.  A 
lesion  cutting  off  the  parietal  radiations  to  and  from  the 
thalamus  (area  39  and  probably  area  7,  fig.  13)  gives  the  strange 
symptom  of  “autotopagnosia,”  the  patient  loses  the  awareness 
of  his  opposite  side  and  ignores  it,  as  if  he  had  no  arm  and  leg  on 
that  side.  He  may  feel  stimuli  when  the  side  is  examined 
if  his  attention  is  called  to  the  limb,  but  the  limbs  have  lost 
their  place  in  his  body  scheme.  The  operation  of  frontal 
leukotomy  in  which  the  white  fibers  beneath  the  frontal  areas 
are  cut,  often  results  in  laziness,  increase  in  weight  and  decrease 
in  self-consciousness  (see  p.  104)  which  might  be  explained  on 
the  basis  of  interruption  of  the  cortico-thalamic  circuits. 

These  examples  of  complex  reflex  mechanisms  give  an  idea 
of  the  general  neural  structure  underlying  such  special  func¬ 
tions  as  respiration,  equilibration,  and  sensory  integration. 
One  must  remember,  however,  that  all  separations  of  such 
mechanisms  from  the  whole  of  the  central  nervous  system  are 
arbitrary,  for  the  nervous  system  acts  as  a  whole,  the  parts 
being  all  more  or  less  dependent  one  upon  the  other.  For 
purposes  of  study,  however,  such  arbitrary  separations  are 
necessary.  A  complex  series  of  neurons  (such  as  those  directly 
used  in  locomotion)  may  be  studied  together  as  a  supraseg- 
mental  functional  unit,  but  this  would  be  misleading  unless 
one  kept  in  mind  the  dependence  of  the  motor  function  upon 
sensory  stimulation. 
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Chapter  IV 


MOTOR  INTEGRATION  AND  LOCOMOTION 

If  the  highly  organized  central  nervous  system  is  to  have  a 
broad  field  of  endeavor  worthy  of  its  powers,  locomotion  must 
be  easy  and  rapid.  In  fact,  it  may  have  been  the  ability  to 
explore  new  places  that  developed  the  special  sense  organs  at 
the  head-end  of  the  animal  and  caused  encephalization  of  the 
nervous  system.  Certainly,  locomotion  is  a  great  factor  in 
raising  vertebrates  above  the  sessile  mollusk. 

In  the  lower  vertebrates  locomotion  is  largely  a  matter  of 
swimming  and  is  carried  out  by  rhythmic  mass  movements. 
In  land  vertebrates,  however,  the  problem  is  much  more  com¬ 
plex.  The  body  must  be  raised  and  supported  on  legs  against 
gravity,  and  these  legs  must  be  made  to  walk,  run  and  other¬ 
wise  perform  in  orderly  ways  effective  for  locomotion.  In  the 
spinal  cord  movements  for  progression  are  organized  in  a  rudi¬ 
mentary  way.  The  spino-spinal  tracts  are  arranged  in  pat¬ 
terns  that  coordinate  the  alternate  flexions  and  extensions  of 
the  fore  legs  and  of  the  hind  legs  into  stepping  movements. 
A  "spinal  cat”  suspended  or  lying  on  its  side,  may  exhibit 
short  periods  of  rhythmic,  alternating  leg  reflexes  that  resemble 
running,  but  these  are  not  in  the  least  useful  because  the 
postural  reflexes  are  not  adequate  to  support  the  animal 
in  a  standing  position.  Standing  reflexes  are  present  in  the 
spinal  cord,  but  are  weak,  and  the  reflex  balance  can  easily  be 
thrown  to  the  flexor  side  by  diffuse  injury  to  the  isolated 
cord. 

With  the  nuclei  of  the  hind-brain  intact  and  working  in 
collaboration  with  the  spinal  cord  a  different  picture  is  found 
(fig.  8) .  The  vestibulo-spinal  and  pontile  reticulo-spinal  mech- 
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anisms  are  added,  and  the  animal  stands,  i.e.,  tension  is  in¬ 
creased  in  the  extensor  muscles,  the  limbs  support  the  body 
against  gravity  and  a  strong  postural  reflex  is  present,  which 
puts  the  animal  in  a  position  to  apply  the  spinal  and  bulbar 
walking  and  running  mechanisms.  Without  control  from  the 
higher  centers  in  the  mid-brain  and  fore-brain,  however,  this 
standing  position  is  always  greatly  exaggerated;  the  animal 
is  in  a  state  of  “ decerebrate  rigidity,”  the  legs,  neck  and  tail  are 
rigidly  extended  in  a  position  which  is  a  caricature  of  the 
normal  upright  position  for  walking,  and  the  extensor  rigidity 
is  so  strong  that  progression  movements  are  largely  obliterated. 

For  a  really  useful  progression  mechanism  the  nuclei  of  the 
mid-brain  and  basal  ganglia  must  also  join  in.  The  most 
important  structures  for  this  purpose  are  in  the  subthalamic 
region  and  the  formcitio  reticularis  with  its  reticulo-spinal  tract, 
aided  by  the  red  nuclei  and  rubro-spinal  tracts  (fig.  7).  In  the 
lower  vertebrates  the  rubro-spinal  tract  is  large  and  important, 
carrying  the  impulses  that  control  the  extensor  posture;  in 
man  the  reticulo-spinal  is  a  more  important  factor  and  the 
rubro-spinal  tract  is  small.  Both  reticular  formation  and 
red  nucleus  receive  tracts  from  the  globus  pallidus,  which  in 
turn  receives  fibers  from  the  thalamus  (both  directly  and 
through  the  intermediation  of  the  caudate  nucleus  and  puta- 
men).  These  connections  give,  in  the  land  vertebrates,  a 
mechanism  capable  of  controlling  active  and  complex  loco¬ 
motion.  In  birds  and  reptiles,  for  example,  the  basal  ganglia, 
cerebellum,  bulbar  and  spinal  connections  make  up  an  entirely 
adequate  locomotor  mechanism  with  no  cerebral  cortical 
control. 

Thus  in  vertebrates  below  mammals  there  are  five  main 
reflex  levels  for  locomotion:  (I)  neuro-muscular ;  (II)  spinal; 
(III)  vestibular  in  the  hind-brain;  (IV)  mid-brain  and  (V)  basal 
ganglia.  For  the  spinal  level  the  afferent  impulses  that  set 
up  the  reflexes  enter  through  the  dorsal  roots  of  the  cord  and 
cross  to  the  ventral  horn  cells  at  various  levels.  For  the 
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vestibular  reflexes  the  afferent  impulses  come  from  the  ampul¬ 
lae  of  the  semicircular  canals  and  the  maculae  of  the  utriculus 
and  sacculus;  they  enter  the  VIII  nerve  nuclei  and  reach  the 
ventral  horn  cells  via  the  vestibulo-spinal  and  reticulo-spinal 
tracts.  For  the  basal  ganglia  and  mid-brain  level  the  afferent 
impulses  enter  the  dorsal  roots  of  the  cord,  travel  up  to  the 
thalamus  along  various  paths  and  cross  to  the  subthalamic 
nuclei  in  the  mid-brain  and  to  the  caudate  and  lenticular 
nuclei  which  are  the  highest  motor  centers  for  these  animals. 
Motor  impulses  are  then  relayed  to  the  red  nucleus  or  to  the 
formatio  reticularis  and  to  the  ventral  horn  cells  of  the  cord 
along  the  rubrospinal  and  reticulo-spinal  tracts  (fig.  8).  This 
five-level  mechanism  is  called  the  “old  motor  system”  (1)  for 
it  is  a  rudimentary  system,  important  in  man  for  all  auto¬ 
matic  locomotor  movements.  In  lower  vertebrates  it  carries 
out  all  the  motor  functions,  even  though  they  may  be  complex 
and  voluntary,  as  in  reptiles  and  birds. 

Clinically  one  can  speak  of  a  central,  or  "upper  motor  neu¬ 
ron”  paralysis  as  opposed  to  a  peripheral  or  "lower  motor 
neuron”  paralysis,  but  this  does  not  imply  that  the  motor 
mechanism  can  be  physiologically  so  conceived.  Such  a  con¬ 
ception  of  the  thousands  of  motor  neurons  divided  into  "upper” 
and  "lower”  is  like  conceiving  of  an  army  organized  only 
with  generals  and  privates.  It  would  be  a  jerky,  incoordinate 
organization  at  best.  Smooth  running  is  brought  into  the 
locomotor  mechanism  by  the  system  of  automatic  postural 
and  stepping  centers  that  subserve  the  functions  of  arising, 
standing  and  automatic  gait.  These  centers  are  the  colonels, 
majors,  captains  and  sergeants,  overlooked  in  the  dualistic 
conception.  They  make  up  the  "old  motor  system”  that  works 
upon  the  motor  cells  of  the  cord  and  the  "final  common  path” 
(fig.  8).  It  integrates  all  the  more  automatic  motor  acts, 
even  to  running,  jumping  and  climbing  in  lower  vertebrates 
where  there  is  no  motor  cerebral  cortex.  For  example,  lizards 
are  wonderfully  active  creatures  that  have  most  complex  mo- 
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Fio.  8.  Levels  of  Motoh  Integration 
Cortical  neurons  in  areas  4  and  6  only  are  shown.  R.N.  =  red  nucleus. 
CD  «■  caudate  nucleus.  PUT  =  putamen.  PAL  =  pallidum.  SUB  = 
nucleus  subthalamicus.  SN  =  substantia  nigra.  RET  =  formatio  reticu¬ 
laris.  Vest.  N  =  vestibular  nucleus.  D.R.G.  =  dorsal  root  ganglion.  V.H.C. 
—  ventral  horn  cell.  CS  =  cortico-spinal.  RS  =  rubro  and  reticulo-spinal. 
VS  —  vestibulo-spinal.  SP  =  spino-spinal. 
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tor  functions,  but  they  do  it  all  with  an  “old  motor  system” 
and  no  cortico-spinal  tract. 

It  is  obvious  that  one  must  arise  before  he  can  stand,  must 
stand  before  he  can  walk,  and  must  walk  before  he  can  go  from 
place  to  place.  Thus  the  taking  and  maintenance  of  postures 
are  fundamentally  important  motor  functions.  In  the  spinal 
cord  (fig.  8,  level  II)  there  is  little  postural  activity,  but  the 
more  highly  integrated  spinal  movements  do  hold  simple 
postures  of  a  limb  for  some  time,  if  the  stimulus  is  maintained. 
For  example,  the  flexion  reflex  causes  an  extensor  posture  of 
the  opposite  leg,  the  scratch  reflex  includes  a  postural  flexion 
of  the  hind  leg  at  hip  and  knee  allowing  the  rhythmic  move¬ 
ments  of  the  ankle  to  accomplish  the  scratching  by  the  claws. 
Not  only  this,  but  the  claws  are  spread  and  protruded  in  a 
position  suitable  for  efficient  scratching.  On  the  whole, 
however,  spinal  posture  is  feeble  and  poorly  adapted  and  there 
is  relaxation  of  the  muscles  between  stimuli,  so  maintenance 
is  brief. 

In  the  hind-brain  are  important  postural  mechanisms  (fig.  8, 
level  III).  These  when  stimulated  cause  slower  and  much 
more  prolonged  muscular  responses  than  the  spinal  mecha¬ 
nism.  Chief  among  the  hind-brain  centers  are  the  pontile 
reticular  formation  and  the  vestibular  apparatus.  These  can 
maintain  a  steady  contraction  of  the  antigravity  muscles,  and 
hold  the  animal  in  a  standing  position.  For  man  this  means 
plantarflexion  at  the  ankle,  extension  at  the  knee  and  exten¬ 
sion  and  adduction  at  the  thigh,  extension  of  spine  and  head, 
with  moderate  flexion  at  wrist  and  elbow,  adduction  of  shoul¬ 
ders  and  flexion  of  jaw.  To  a  quadruped  like  the  cat,  anti¬ 
gravity  posture  means  extension  of  all  four  limbs,  spine,  tail 
and  neck;  while  for  a  sloth,  whose  habitual  posture  is  hanging, 
the  distribution  of  muscular  contraction  is  practically  reversed. 

Modifications  of  this  standing  position  may  be  brought 
about  by  the  neck  reflexes.  These  have  as  their  afferent 
stimuli  the  proprioceptor  impulses  from  the  muscles  of  the 
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neck  innervated  by  the  upper  cervical  and  the  spinal  accessory 
nerves.  A  strong  movement  of  a  decerebrate  cat’s  neck  down¬ 
wards  will  cause  flexion  of  the  fore  limbs  and  extension  of  the 
hind,  the  animal  taking  the  position  of  peering  into  a  hole. 
Reciprocally,  a  strong  movement  of  the  head  upwards  causes 
extension  of  the  fore  limbs  and  flexion  of  the  hind,  so  the  cat 
takes  the  position  of  sitting  and  looking  up  at  a  table.  Lateral 
movements  also  have  reflex  effects  important  for  the  main¬ 
tenance  of  equilibrium.  For  example,  if  the  head  is  rotated 
so  that  the  chin  is  over  the  left  shoulder,  the  left  arm  and  leg 
extend,  and  the  right  flex. 

Higher  up  the  brain-stem  (in  the  upper  part  of  the  hind¬ 
brain,  the  mid-brain,  and  lower  basal  ganglia)  are  several 
large  nuclei  closely  associated  with  postural  movements 
(fig.  8,  lower  level  V  and  IV).  These  are  the  substantia  nigra, 
the  red  nucleus,  the  reticular  formation,  and  some  motor  nuclei 
in  the  subthalamic  region.  Whereas  antigravity  (extensor 
rigidity)  reflexes,  and  modifications  of  them  by  posture,  are 
controlled  largely  by  the  hind-brain,  true  standing  and  righting 
reflexes  are  controlled  largely  from  the  mid-brain.  Among 
these  are  the  reflex  which  causes  an  animal  (even  when  blind¬ 
folded)  to  keep  its  head  rotated  in  space  so  that  the  eyes 
approximate  the  horizontal.  This  reflex  is  lost  if  the  vestibular 
nuclei  or  the  reticular  substance  of  the  mid-brain  are  injured. 
The  effect  of  trunk  stimulation  upon  the  head  position  is  also 
clear,  for  pressure  on  the  right  side  of  the  body  causes  the 
head  to  be  raised  and  turned  to  the  right.  These  and  other 
minor  reflexes  from  deep  muscles  and  body  surface  cause  the 
animal  to  take  a  posture  efficient  for  arising.  The  eyes  work¬ 
ing  on  mid-brain  mechanisms,  and  in  coordination  with  the 
hind-brain,  then  give  an  effective  order  of  reflex  events  which 
brings  a  prone  animal  first  to  look  up,  then  to  sit  up  and  then 
to  stand  in  quick  and  smooth  sequence. 

The  highest  level  of  the  “old  motor  system”  lies  in  the 
striatum  (fig.  9) .  The  striatum  reaches  an  even  higher  develop- 


-  r\  / 

a  ©,<>-, 

I 

^\\j 

W  \ 

i 1 

it 

Ret,  sp.  Rub,  sp. 
kxtrapyromidol 


Cort.-Spinol 

Pyramidnl 


Fia.  9.  Motor  Projections  from  Cerebral  Cortex  and  Basal  Ganglia 
Between  areas  4  and  6  is  the  “strip”  4S.  The  caudate  (C)  and  putamen 
(P)  are  essentially  one  ganglion  and  together  make  up  the  neostriatum.  The 
pallidum  or  globus  palhdus  (GP)  is  the  largest  nucleus  of  the  paleostriatum. 
Recent  usage  is  to  call  the  neostriatum,  “striatum,”  as  distinguished  from  the 
old  part  now  called  “pallidum.”  The  subthalamic  region  (S)  contains  impor¬ 
tant  motor  connections.  The  Red  Nucleus  (UN),  substantia  nigra  (SN)  and 
Reticular  Formation  (Reticularis)  are  smaller  ganglia  and  lower  in  the  brain 
stem.  They  give  off  the  Rubro  spinal  (RUB-SI*)  and  Reticulo  spinal  (RET- 
SP)  Tracts  which  together  make  up  the  Extrapyramidal  Tracts,  while  tho 
Pyramidal  Tract  comes  direct  from  tho  cortex  (for  details  and  discussion,  see 
text).  Tho  thalamus  and  hypothalamus  are  intimately  connected,  but  mostly  as 
afferent  and  supplementary  mechanisms.  This  figure  is  diagrammatic;  for  de¬ 
tails  see  Papes  (2). 


70 


MOTOR  INTEGRATION  AND  LOCOMOTION 


71 


ment  in  birds,  with  a  new  and  unique  part  added,  the  hyper¬ 
striatum.  Mammals  with  the  cerebral  cortex  removed  and 
the  basal  ganglia  intact  can  walk,  run  and  even  jump  in  an 
effective  though  automatic  way.  All  they  seem  to  lack  is 
initiative  and  spontaneity,  as  well  as  memory.  In  other 
words,  they  have  few  and  rudimentary  conditioned  reflexes 
and  do  not  react  in  the  light  of  past  experience.  Thus  such 
an  animal  is  able  to  go  about,  but  has  no  direction  as  to  where 
to  go,  except  when  immediate  strong  stimuli  are  applied. 
Such  a  decorticate  cat,  even  when  the  striatum  is  injured,  can 
perform  all  the  locomotor  functions,  so  it  is  the  lower  basal 
ganglia  rather  than  the  upper  that  must  be  concerned  with 
simple  locomotion.  The  function  of  the  striatum  is  probably 
to  elaborate  motor  behavior,  even  of  the  more  highly  integrated 
types,  and  thus  make  it  smooth  and  effective. 

The  nomenclature  of  these  ganglia  of  the  “old  motor  sys¬ 
tem”  is  so  confused  that  it  is  important  to  define  how  the 
names  are  to  be  used.  To  my  mind,  all  the  nuclei  involved 
in  the  reactions  above  described  (fig.  8,  levels  IV  and  V) 
ought  to  be  included  under  the  term  “basal  ganglia”  but  the 
term  is  often  restricted  to  the  striatum  only  (see  nomenclature) 
and  nowadays  “striatum”  is  often  used  to  mean  new  striatum 
only,  i.e.,  caudate  plus  putamen. 


Basal  Ganglia  Nomenclature 


Fore-brain 


Caudate  nucleus 


Lenticular  nucleus 
Thalamus 


PutamenJ 

Pallidum 


New  striatum 
Old  striatum 


Mid-brain 


Hypothalamus 

Subthalamic  nucleus  (body  of  Luys) 
(Red  nucleus 

Reticular  formation  (upper  part) 
Substantia  nigra 


It  is  obvious  from  the  overlapping  of  the  two  brackets  des¬ 
ignating  “fore-brain”  and  “mid-brain”  that  this  is  really 
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an  arbitrary  distinction  without  much  significance.  It  might 
be  better  to  think  simply  in  terms  of  cord,  brainstem,  basal 
ganglia  and  cerebral  cortex.  Recent  work  on  the  reticular 
formation  of  the  brainstem  emphasizes  this.  The  reticular 
formation  in  the  pons  and  medulla  has  much  to  do  with  pos¬ 
tural  reflexes.  In  the  mid-brain  it  takes  on  the  important 
function  of  activating  thalamus  and  cortex.  In  the  thalamus 
it  surrounds  the  intralaminar  and  mesial  nuclei  and  is  the 
mechanism  for  the  diffuse,  nonspecific  stimulation  of  the 
cortex  (see  p.  114). 

The  basal  ganglia  listed  above  plus  the  important  vestibular 
nuclei,  form  a  group  of  motor  reflex  centers  located  below  the 
cerebral  cortex  and  above  the  spinal  cord  cells.  They  play 
upon  the  final  common  path  just  as  much  as  do  the  cerebral 
cortical  centers.  Without  them  the  “voluntary”  movements 
initiated  in  the  “new  motor  system”  would  be  practically 
useless,  for  the  limbs  must  be  in  proper  position  and  the 
muscles  at  proper  tension  before  the  cortico-spinal  level  (fig.  8, 
level  VI)  can  act  effectively.  The  main  motor  discharge  of 
the  basal  ganglia  is  from  the  pallidum  via  nuclei  in  the  sub¬ 
thalamic  region,  the  substantia  nigra  and  reticular  formation 
to  the  reticulo-spinal  tract;  the  rubro-spinal  is  less  important. 

There  is  a  controversy  among  neurologists  concerning  the 
motor  projections  from  the  cortex  to  the  basal  ganglia  and 
spinal  cord  (3)  (4)  (5).  The  histologists  have  shown  that  the 
cortex  of  the  anterior  half  of  the  central  sulcus  (Rolandic)  con¬ 
tains  many  giant  motor  cells  in  the  fifth  layer,  known  as  the 
Betz  cells;  they  thus  mark  out  “area  4”  (see  fig.  12).  These 
great  cells  are  most  distinct  in  the  upper  part  of  area  4  near  the 
vertex  and  become  fewer  and  smaller  in  the  lower  part  near  the 
fissure  of  Sylvius,  because  the  larger  cells  are  those  with  the 
longer  axons.  Area  6  lies  anterior  to  4  and  can  be  recognized 
by  its  different  cellular  architecture,  especially  by  the  lack  of 
giant  motor  cells,  but  the  boundary  between  the  two  is  not 
distinct.  In  monkeys  there  is  an  intermediate  strip,  area  4S, 
which  has  not  been  clearly  recognized  in  man.  The  areas 
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numbered  as  in  figure  12  are  histologically  determined,  and 
the  numbers  are  those  given  by  Brodmann  in  1909.  When 
the  stimulating  electrode  is  used  to  determine  functional  areas, 
motor  responses  are  found  in  man  most  easily  in  area  4;  they 
also  occur  in  area  6,  where  the  threshold  is  usually  higher. 
The  postcentral  areas  1,  2  and  3  are  usually  considered  as 
sensory,  but  here  also  motor  responses  occur  although  much 
less  regularly. 

Thus  the  whole  Rolandic  region  can  be  considered  as  sensori¬ 
motor  in  function.  The  responses  to  electrical  stimulation  are 
crude,  simple  movements,  not  delicate  and  refined  as  one  would 
be  led  to  expect  by  the  fact  that  lesions  in  those  areas  cause  a 
loss  of  skilled  movement.  The  discrepancy  is  probably  ex¬ 
plained  by  the  fact  that  the  electrical  stimulation,  as  applied 
at  operation  to  the  cortex  of  man  and  in  animal  experiments, 
has  very  little  resemblance  to  the  natural  physiological  stim¬ 
ulus  from  other  parts  of  the  normal  brain  to  the  motor  areas. 

In  animal  experiments  area  6  is  found  to  respond  to  electrical 
stimulation  less  easily  than  area  4.  Facilitation  by  previous 
stimulation  of  area  4  is  usually  needed.  The  movements  pro¬ 
duced  involve  more  and  larger  muscles.  Area  8  is  a  complex 
motor  area,  having  to  do  with  conjugate  movements  of  the 
head  and  eyes  and  suppression  of  some  motor  reflexes.  There 
are  small  supplementary  motor  areas  on  the  mesial  aspect  of 
the  hemisphere,  just  over  the  vertex  from  area  8,  and  in  the 
Sylvian  fissure  just  below  the  foot  of  the  Rolandic  or  central 
sulcus  (6). 

Taken  as  a  whole  the  motor  cortex  of  man  centers  around 
the  Rolandic  fissure.  The  part  essential  for  refined  movements 
of  limbs  and  especially  hand,  fingers  and  face  is  area  4,  much 
of  it  lying  in  the  fissure  and  a  small  part  on  the  surface.  The 
post-central  areas  1,  2,  3  and  perhaps  5  are  essential  for  somatic 
sensation  and  facilitate  the  motor  functions  of  area  4.  Area  6 
seems  to  be  concerned  with  widespread  movements  of  a  more 
postural  and  automatic  type. 

The  areas  as  determined  histologically  do  not  exactly  con- 


71 


FOUNDATIONS  OF  NEUROPSYCHIATRY 


form  to  the  functional  areas.  Direct  electrical  stimulation 
of  exposed  cortex  is  being  supplemented  by  the  method  of 
neuronography.  This  means  stimulating  certain  groups  of 
cells  or  pathways,  chemically,  electrically,  or  mechanically,  and 
locating  the  other  end  of  the  pathway  by  picking  up  the  excita¬ 
tion  by  electroencephalogram.  Much  has  been  learned  about 
exact  localization  in  this  way  (see  p.  98). 

The  pyramidal  tract,  i.e.,  that  bundle  of  fibers  that  makes 
up  the  “pyramids”  of  the  medulla  oblongata,  is  not  entirely 
understood.  Only  about  one-third  of  its  constituent  fibers 
come  from  the  giant  cells  of  Betz  in  the  motor  cortex.  The 
origin  of  the  other  two-thirds  is  still  a  matter  for  discussion. 
The  cortico  spinal  fibers  from  area  4  are  long  fibers  to  the  mo¬ 
tor  pool  at  various  levels  of  the  cord,  but  few  if  any  go  directly 
to  ventral  horn  cells  without  one  or  more  internuncial  neurons. 
The  extra-pyramidal  tracts  are  characteristically  composed  of 
series  of  neurons  that  only  after  several  relays  reach  the 
ventral  horn  cells  to  discharge  on  the  “final  common  path”  to 
the  muscle.  There  are  three  undisputed  motor  projections  from 
the  precentral  areas:  first,  the  corticospinal  tract,  which  rises 
exclusively  from  the  motor  area  proper  (area  4);  second,  the 
oorticonigral  tract,  from  all  parts  of  the  preoentral  cortex 
(areas  0,  8,  4s  and  4)  to  the  substantia  nigra  in  the  brain  stem, 
and  third,  the  corticopontile  tract,  from  all  the  motor  areas  to 
(lie  nuclei  of  the  pons.  There  is  much  difference  of  opinion 
as  regards  smaller  tracts. 

“Strychnine  neuronography”  in  the  monkey  shows  that  some 
neurons  in  areas  2,  8,  and  4,  project  to  the  caudate  nucleus, 
areas  6  and  4  mostly  to  the  putamen.  The  caudate  nucleus 
may  be  a  clearing  house  of  inhibitory  effects  arising  in  differ¬ 
ent  areas  of  the  cortex.  Denny-Brown  (7)  points  to  the  re¬ 
lease  of  cortical  motor  automatisms  when  the  caudate  nucleus 
is  damaged,  which  suggests  that  whichever  area  of  cortex  is 
chiefly  active  at  any  one  time  suppresses  the  others.  Some 
investigators,  however,  are  skeptical  about,  the  presence  of 
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suppressor  areas  in  the  cortex  (8)  and  about  the  importance 
of  the  pathways  from  cortex  to  striatum  shown  in  figures  8 
and  9.  It  may  be  that  many  motor  impulses  to  the  basal  gan¬ 
glia  go  by  way  of  the  thalamus  (2). 

An  important  clinical  fact  is  that  damage  to  area  4  produces 
most  disability  in  the  highly  adapted  movements  of  the  hand 
and  lower  part  of  the  face.  Denny-Brown  (10)  shows  that 
the  best  way  this  can  be  understood  is  through  study  of  the 
natural  stimulus  that  activates  area  4.  The  evidence  indicates 
that  touch  and  deep  contact,  combined  with  proprioception, 
are  the  natural  modes  of  stimulation  of  this  motor  region. 
The  elaboration  of  the  simian  and  human  extremities  for  pal¬ 
liation,  and  tactile  exploration  appear  to  be  the  reason  for  the 
predominance  of  area  4.  Thus  evidence  from  many  sources 
indicates  that  area  4  has  to  do  with  discrete,  learned  move¬ 
ments  but  all  “voluntary”  motor  control  is  not  subserved  by 
the  pyramidal  tract,  as  is  shown  by  Myers’  (9)  operations  in 
which  this  tract  is  cut  in  the  mid-brain.  Speech  in  man  is  the 
most  delicate  of  these,  and  elaboration  of  its  complex  control 
is  influenced  by  area  44,  which  lies  just  anterior  to  the  lip  and 
tongue  areas  of  4,  in  the  dominant  hemisphere. 

“Extrapyramidal”  fibers  take  origin  in  areas  8,  6,  4  and  2, 
as  well  as  wider  temporal,  parietal  and  occipital  areas.  Those 
of  area  4  reach  the  reticular  substance  of  the  pons  as  well  as 
the  substantia  nigra  and  red  nucleus,  and  presumably  coordi¬ 
nate  the  special  functions  of  area  4  with  the  postural  centers 
of  the  brain  stem.  Extrapyramidal  fibers  represent  the  “old” 
motor  system.  Their  activation  by  stimulation  results  in 
movements  of  the  head  and  eyes,  and  general  effects  on  loco¬ 
motion.  The  natural  activating  stimulus  appears  to  be  chiefly 
visual  and  auditory. 

In  the  region  of  the  sylvian  fissure  the  extrapyramidal  pro¬ 
jections  arc  chiefly  concerned  with  oral  functions  such  as  chew¬ 
ing,  salivation,  swallowing,  licking,  and  respiration.  In  the 
upper  lip  of  the  sylvian  fissure  these  functions  have  become 
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elaborated  into  vocalization,  and  in  the  dominant  human  hemi¬ 
sphere  are  extremely  important  for  spoken  words  (areas  43 
and  44). 

Experiments  performed  by  Welch  and  Kennard  (4)  show  that 
in  monkeys  and  chimpanzees  removal  of  area  6,  including  4s, 
was  followed  by  marked  spastic  paresis;  removal  of  area  4 
(including  4s)  was  followed  by  moderate  spastic  paresis;  re¬ 
moval  of  area  4  (excluding  4s)  caused  paresis  with  only  slight 
spasticity.  Combinations  of  4,  4s  and  6  caused  more  spas¬ 
ticity;  lesions  of  4  combined  with  postcentral  ablation  caused 
some  spasticity.  In  summary  one  can  say:  The  pyramidal  fi¬ 
bers  act  directly  on  the  motor  cells  of  the  cord  at  or  near  the 
final  common  pathway  to  direct  fine  volitional  movements. 
The  extrapyramidal  fibers  act  on  subcortical  nuclei  integrat¬ 
ing  postural  and  locomotor  adjustments.  When  the  predomi¬ 
nantly  pyramidal  area  4  is  removed,  there  is  paresis  with  little 
spasticity,  when  the  areas  which  are  largely  extrapyramidal 
arc  removed  there  is  rigidity  (see  p.  64  and  85).  Combinations 
of  lesions  add  to  the  rigidity  because  more  extrapyramidal 
inhibitory  neurons  are  injured  in  areas  2,  4,  6  and  8. 

Ablation  experiments  have  led  to  considerable  confusion  be¬ 
cause  the  earlier  experimenters  relied  on  cortical  maps  with 
diagrammatic  boundaries  to  areas  4  and  6.  Denny-Brown 
(10)  believes  that  the  forward  strip  of  area  4  (4S)  represents 
movements  of  the  proximal  parts  of  the  limbs,  and  ablation 
of  this  region  releases  spasticity  in  these  parts.  The  limbs 
therefore  tend  to  assume  the  hemiplegic  flexed  posture  in  the 
upper  limb  and  extended  posture  in  the  lower.  The  portion 
of  area  4  next  to  the  central  fissure  represents  predominantly 
the  extremities,  and  ablation  of  this  region  grossly  impairs  the 
use  of  the  extremities,  and  spasticity  is  chiefly  present  in 
wrist,  fingers  and  ankle.  The  pattern  of  spastic  posture  is 
due  to  the  release  of  the  body-righting  reflex,  which  causes  a 
flexion  of  the  upper  and  lower  limbs  when  traction  is  made  on 
them,  and  extension  of  the  lower  limb  when  any  force  tends  to 
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flex  it.  Ablation  of  area  G  in  monkeys,  with  care  to  avoid 
damage  to  areas  4  or  8,  results  in  slight  general  rigidity. 

Ablation  of  areas  which  give  origin  to  extrapyramidal  pro¬ 
jections,  particularly  those  areas  which  lie  in  the  frontal  cortex, 
leads  to  increased  automatic  motor  activity.  The  extrapyra¬ 
midal  areas  of  the  cortex,  which  Denny-Brown  prefers  to  call 
the  “extrarolandic”  areas,  therefore  serve  the  special  functions 
of  the  “old”  motor  system,  and  are  normally  in  equilibrium 
with  the  “new”  Rolandic  system.  Spasticity  is  a  release  symp¬ 
tom  of  Rolandic  lesions;  rigidity  is  the  release  symptom  of  ex- 
trarolandic  lesions.  Interruption  of  all  the  projection  fibers 
from  the  cortex,  by  a  lesion  in  the  internal  capsule,  leads  to  a 
much  greater  stiffness  of  the  limbs,  because  spasticity  and 
rigidity  are  added  together.  (10) 

It  is  obvious  from  all  this  that  there  is  disagreement  among 
neurologists  as  to  the  physiology  of  locomotion  and  skilled 
movements.  Even  such  common  terms  as  flaccidity,  rigidity 
and  spasticity  are  used  differently  by  different  men.  On  the 
whole,  it  is  enlightening  to  keep  in  mind  the  phylogenetic 
relationships  and  think  in  terms  of  “old”  and  “new”  motor 
systems,  as  described  by  Wilson  (1).  Walsh  (14)  gives  a  good 
physiological  summary.  Denny-Brown’s  (11)  newest  work  on 
two  broad  classes  of  tropism,  positive  and  negative,  in  the 
reactions  of  the  cerebral  cortex  may  soon  simplify  and  clarify 
our  understanding  of  motor  integration  in  cortex  and  basal 
ganglia. 

The  “ new  motor  system”  is  found  only  in  mammals,  and 
reaches  its  highest  development  only  in  apes  and  man.  The 
motor  area  with  its  pyramidal  tract  is  not  a  locomotor  system, 
for  its  function  is  to  carry  out  refined,  unilateral  movements — 
e.g.,  the  use  of  one  hand  or  one  foot  for  skilled  movements.  In 
infants  the  pyramidal  tract  is  not  myelinated,  and  skilled 
learned  movements  are  only  possible  after  it  becomes  func¬ 
tional  at  about  the  age  of  twelve  months.  This  last  and  most 
complex  level  of  motor  integration  (level  VI,  fig.  8)  has  its  out- 
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let  through  the  large  motor  cells  of  the  motor  area.  The  motor 
cells  control  the  various  movements;  for  example  those  that 
control  movements  of  the  leg  are  nearest  the  vertex;  next  below 
are  those  for  trunk  movements,  then  arm,  face  and  eyes.  An 
important  difference  is  that  the  ventral  horn  cells  of  the  cord 
innervate  muscle  fibers  whereas  the  cell  groups  of  the  cerebral 
cortex  innervate  movements.  Spinal  paralysis,  therefore,  may 
paralyze  a  muscle  or  a  part  of  a  muscle,  the  cortex  being  still 
able  to  carry  out  useful  movements  of  the  whole  group  of 
muscles  though  in  a  somewhat  crippled  way.  Cerebral  paraly¬ 
sis  means  loss  of  skilled  movements  or  complex  postures,  but 
rudimentary  muscle  contractions  are  unimpaired.  Of  course 
no  motor  act  can  be  localized  at  any  level  because  it  has  a 
time  element,  and  a  continuity,  that  is  a  flow  of  function  in 
sequence  from  cerebral  cortex  to  muscle.  But  no  one  doubts 
that  certain  cells  and  tracts  initiate  certain  motor  responses 
when  appropriately  excited,  whether  by  an  experimentor’s  elec¬ 
trode  or  by  impulses  converging  on  the  “motor  areas”  by  way 
of  the  association  tracts  from  the  great  receiving  stations  of 
the  cerebral  cortex.  Even  cortical  motor  responses  can  be 
considered  as  reflexes,  for  the  afferent  impulses  to  the  cortex 
which  set  up  these  highest  motor  reflexes  come  from  spinal  and 
cranial  nerves  to  the  thalamus;  they  are  relayed  to  the  various 
parts  of  the  cortex  and,  by  way  of  the  great  association  path¬ 
ways,  play  upon  the  motor  areas  in  most  complex  ways. 

As  indicated  by  this  mechanistic  description,  much  of  the 
physiology  and  anatomy  has  been  learned  by  studying  the 
anatomy  of  lower  vertebrates.  Comparative  anatomy  is  of 
great  value  in  understanding  the  anatomy  and  physiology  of 
man.  Another  important  group  of  data  has  been  accumulated 
from  the  clinico-pathological  study  of  man.  Various  forms  of 
paralysis  have  been  observed  clinically,  later  the  location  of 
the  lesion  has  been  noted  at  autopsy  and  the  degenerated 
tracts  have  been  studied  by  cutting  and  staining  the  brain  and 
cord. 
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From  the  functional,  and  therefore  clinical  standpoint  (for 
when  one  puts  a  patient  through  a  neurological  examination 
he  is  largely  observing  function  to  see  whether  it  be  normal, 
decreased  or  increased)  there  is  a  fundamentally  important 
difference  between  lesions  of  segmental  mechanisms,  and  le¬ 
sions  of  suprasegmental  mechanisms.  If  a  part  of  a  segment 
is  injured  there  is  always  decrease  of  function,  motor,  sensory 
or  both.  If  tracts  or  suprasegmental  nerve  cells  are  injured 
there  is  frequently  increase  of  function,  because  the  lower  and 
simpler  mechanism  is  freed  from  the  control  of  one  or  more 
higher  centers.  This  is  the  principle  of  release  first  described 
by  Hughlings  Jackson  in  1881  (12).  Without  a  thorough 
understanding  of  this  principle  it  is  impossible  to  understand 
many  of  the  commonest  neurological  phenomena.  The  path¬ 
ological  increase  of  function  through  release  of  an  under¬ 
lying  mechanism  is  often  as  incapacitating  as  complete  loss 
of  function.  A  patient  with  “paralysis  agitans”  whose  arms 
are  rigid  and  trembling  is  as  badly  off  as  if  they  were 
paralyzed,  and  the  sufferer  from  torsion  spasm  would  often 
vastly  prefer  to  have  the  writhing  muscles  quieted  forever  by 
cutting  the  “final  common  path”  in  the  peripheral  nerve. 

MOTOR  DISINTEGRATION 

Figure  8  and  the  foregoing  discussions  of  anatomy  and  physi¬ 
ology  give  an  epitome  of  motor  integration  in  man.  When 
lesions  occur  in  any  of  the  structures  concerned,  there  occurs  a 
disintegration  of  function  which  expresses  itself  in  motor 
symptoms  as  follows: 

A  lesion  such  as  a  hemorrhage  in  the  internal  capsule  (fig.  8, 
level  V)  cuts  off  the  highest  level  of  motor  control  by  interrupt¬ 
ing  both  the  pyramidal  and  extrapyramidal  portions  of  the 
cortical  motor  tracts.  This  results  in  spastic  paralysis  of  a 
whole  side  (hemiplegia)  if  the  lesion  is  extensive.  The  affected 
limbs  cannot  initiate  movements  and  are  therefore  practically 
paralyzed,  but  certain  simple  automatic  movements  still  may 
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persist.  A  great  part  of  the  incapacity  of  the  limbs,  however, 
comes  from  the  increase  in  muscle  tension,  the  “spasticity,” 
which  makes  the  limb  stiff  and,  if  allowed  to  continue,  almost 
rigid.  This  is  due  to  the  overaction  of  the  released  postural 
activity  of  the  lower  motor  centers,  especially  the  nuclei  of  the 
vestibular  apparatus  and  those  of  the  formatio  reticularis. 

Rarely  a  lesion,  such  as  tumor  or  hemorrhage,  may  injure 
the  motor  cortex  ( area  4,  fig-  12)  in  a  selective  way,  sparing 
nearby  structures  (fig.  8,  level  VI).  The  result  is  then  loss  of 
use  of  one  of  the  opposite  limbs  with  transient  increase  of  re¬ 
flexes  (not  well  proved  in  man). 

The  evidence  concerning  injuries  of  cortical  area  6  is  con¬ 
fusing.  In  man  surgical  ablation  of  this  region  seems  to 
cause  no  spasticity  and  little  if  any  rigidity.  Motor  power  is 
lost  at  first  but  returns  to  a  large  degree  after  several  weeks. 
There  are  also  vasomotor  changes  in  the  affected  limb. 

Usually  a  lesion  of  the  cerebral  cortex  is  large  enough  to 
affect  both  areas  4  and  6,  with  a  resulting  spastic  monoplegia 
of  the  opposite  side.  If  the  lesion  is  more  extensive  there  may 
be  paralysis  of  the  entire  opposite  side,  but  this  would  mean 
that  the  lesion  covered  a  relatively  enormous  area  of  cerebral 
cortex  and  would  be  unusual.  Most  cortical  lesions,  at  least 
when  first  discovered,  affect  only  a  part  of  areas  4  and  G,  so 
cause  monoplegia — a  spastic  paralysis  of  one  limb. 

A  lesion  which  injures  the  basal  ganglia  (fig.  8,  level  V)  inter¬ 
rupts  the  “old  motor  system”  and  causes  abnormality  in  the 
more  automatic  part  of  motion  and  locomotion.  There  may 
be  a  loss  of  certain  associations  between  movements  of  trunk 
and  legs,  or  arms  and  legs,  such  as  the  swinging  of  the  left  arm 
with  the  right  leg  in  fast  walking.  There  may  be  changes 
in  posture,  for  example,  a  senile  stoop  may  appear,  or  rigidity 
may  occur  in  certain  muscle  groups.  This  rigidity  is  more 
marked  than  that  seen  after  experimental  lesions  of  the  cortex, 
and  is  characterized  by  a  “cogwheel”  feeling  when  the  exam¬ 
iner  slowly  stretches  the  rigid  muscles.  Slow  movements  due 
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to  waves  of  changing  tension  in  the  muscles  of  the  limbs  cause 
the  symptom  known  as  “athetosis”;  this  is  called  torsion  spasm 
or  “dystonia”  when  the  squirming  movements  are  of  the  trunk. 
More  rapid  involuntary  movements  are  the  rhythmic  tremors 
and  most  rapid  of  all  are  the  choreatic  jerks. 

Not  enough  is  known  about  the  anatomy  and  physiology  of 
the  basal  ganglia  to  justify  accurate  localization  of  function, 
but  in  general  it  may  be  said  that  in  athetosis  and  chorea  the 
neo-striatum  and  cerebral  cortex  may  be  involved;  in  cases  of 
paralysis  agitans  lesions  are  usually  found  to  be  widespread 
but  seem  especially  common  in  the  pallidum  and  substantia 
nigra;  in  torsion  spasm  and  Wilson’s  disease  the  whole  lenticu¬ 
lar  nucleus  may  be  involved,  as  well  as  the  caudate  nucleus; 
in  many  cases  of  hemiballismus  focal  lesions  have  been  found 
in  the  subthalamic  nucleus  while  in  Huntington’s  chorea  there 
is  a  diffuse  lesion  of  both  caudate  and  lenticular  nuclei.  In 
some  rhythmic  tremors  the  red  nucleus  is  implicated.  All 
these  abnormal  movements  are  involuntary  and  most  of  them 
have  a  rhythmic  and  postural  element.  If  the  motor  cortex 
is  to  function  in  the  face  of  these  incoordinate,  involuntary 
movements  it  has  to  break  through  them  and  take  voluntary 
control  over  the  movements  that  are  usually  automatic.  Thus 
patients  with  paralysis  agitans  can  for  a  few  moments  exert 
their  “will  power”  (cortico-spinal  and  cortico-striatal  innerva¬ 
tion)  and  make  useful  movements.  They  really  are  not  suffer¬ 
ing  from  paralysis  at  all,  but  from  abnormal  activity  of  re¬ 
leased  mechanisms,  and  with  special  effort  can  bring  order  out 
of  chaos.  This  can  be  done  for  a  short  time,  but  the  extra 
effort  soon  causes  fatigue  and  the  tremor  or  disorderly  move¬ 
ments  again  take  control. 

A  great  deal  has  been  added  to  the  knowledge  of  the  physi¬ 
ology  of  the  basal  ganglia  by  the  operation  performed  on  man 
to  relieve  the  symptoms  of  paralysis  agitans  and  athetosis. 
Many  operations  have  given  partial  and  temporary  relief, 
showing  that  interruption  of  the  motor  circuits  at  spinal,  mid- 
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brain,  diencephalic  and  cortical  levels  all  may  affect  involun¬ 
tary  movements  and  ridigity.  The  one  most  effective  pro¬ 
cedure  for  tremor  and  rigidity  seems  to  be  the  cutting  of  the 
pallidofugal  fibers  (ansa  lenticularis)  as  they  leave  the  lenticular 
nucleus.  For  relief  of  chorea,  athetosis,  and  dystonia,  cutting 
the  pyramidal  tract  in  the  crus  of  the  mid-brain  is  effective 
(0).  The  mass  of  data  is  impressive,  and  has  been  excellently 
reviewed  by  Myers  (8)  but  at  the  present  time  no  satisfactory 
theory  has  beam  formulated  to  explain  the  integration  of  motor 
functions  in  the  basal  ganglia.  It  is  a  complicated  motor 
mechanism  with  connections  above  and  below  and  many  feed¬ 
back  controls. 

A  transection  of  the  mid-bruin  (fig.  8,  level  TV)  cuts  off  all 
higher  motor  function,  throwing  out  the  voluntary  control  of 
the  cerebral  cortex,  the  control  of  the  more  automatic  locomotor 
and  postural  reflexes  of  tho  lower  basal  ganglia.  Such  a  lesion 
leaves  the  vestibular  and  spinal  nuclei  working  together,  but 
freed  from  all  higher  control.  The  result  is  a  greatly  exag¬ 
gerated  muscle  tension  distributed  in  a  rudimentary  way.  The 
animal  when  thus  decerebrated  stands  in  an  exaggerated  posi¬ 
tion  of  extension,  the  “antigravity”  muscles  contracting  con¬ 
tinuously.  In  quadrupeds  tho  fore  legs  will  be  rigidly  extended, 
while  in  man  the  arms  are  slightly  flexed  since  in  the  upright 
position  gravity  tends  to  straighten  out  the  elbow.  This  is 
Sherrington’s  condition  of  “decerebrate  rigidity.”  Lesions  of 
this  type  are  rare  in  man.  When  they  do  occur  the  patient 
may  lie  mot  ionless,  mute,  and  more  or  less  rigid  for  days.  The 
clinical  picture  is  called  akinetic  mutism. 

A  transection  of  the  spinal  cord  (fig.  8,  level  II)  will  cut  off 
all  postural  influences  except  those  that  act  in  the  reflex  arcs 
of  the  isolated  segment  of  the  cord.  After  such  a  lesion  there 
is  no  useful  postural  activity.  The  extensor  reflexes  for  stand¬ 
ing  may  be  present,  but  brief;  even  if  somewhat  exaggerated 
they  will  not  serve  to  support  the  weight  of  the  body.  In 
addition  to  transection  of  the  spinal  tracts  there  may  be  local 
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damage  to  roots,  gray  matter  and  blood  vessels.  Interference 
with  blood  supply  is  usually  sufficient  to  decrease  the  nutrition 
of  the  adjacent  cord  segments  and  cause  a  spreading  degenera¬ 
tion  up  and  down.  This  may  throw  the  reflex  balance  to  the 
flexor  side  and  cause  a  paraplegia  in  flexion. 

There  are  no  involuntary  movements  of  the  coordinated 
basal  ganglia  type  and  there  is  no  voluntary  motion.  The 
isolated  segments  of  cord  below  the  lesion,  therefore,  can  medi¬ 
ate  only  simple  spinal  reflexes  (flexion,  extension,  defense 
reflex,  Babinski,  vesical,  anal  and  genital  reflexes).  These  are 
all  carried  out  without  the  knowledge  of  the  patient  (unless 
as  a  mere  onlooker)  for  no  sensations  can  reach  the  thalamus 
or  cerebral  cortex. 

An  injury  to  a  sensory  nerve  (fig.  8,  level  I)  may  cut  the  re¬ 
flex  arc  and  cause  local  skin  anesthesia  and  loss  of  proprio¬ 
ceptive  sensations  from  the  muscles  with  resulting  relaxation 
and  ataxia.  Finally,  an  injury  to  a  mixed  peripheral  nerve 
destroys  all  motion  and  sensation;  complete  flaccid  paralysis 
with  muscular  atrophy  results  because  the  motor  nerve  is  the 
final  common  path  from  the  nerve  cell  to  the  muscle.  All 
messages  to  the  muscle  must  travel  along  this  path  if  the 
brain  or  cord  is  to  have  any  outlet  in  action.  Injury  to  the 
ventral  root  or  the  ventral  horn  cells  will  cause  flaccid  paralysis 
without  sensory  disturbance. 

There  is  much  confusion  concerning  the  different  terms  used 
to  designate  a  pathological  and  sustained  increase  in  muscle 
tension  felt  by  palpation  or  elicited  by  passive  movement 
(“muscle  tonus”  has  been  discussed  on  p.  39).  The  first  point 
to  be  remembered  in  the  understanding  of  this  phenomenon  is 
that  it  is  one  of  the  postural  reactions  and  is  a  quite  different 
sort  of  motor  expression  from  the  learned,  skilled,  unilateral, 
“volitional”  movements.  Being  postural,  these  reactions 
originate  from  proprioceptive  reflexes  (e.g.,  stretch  reflexes  of 
Sherrington)  and  are  compounded  of  such  phenomena  as 
“shortening,”  “lengthening,”  and  “clasp  knife”  reactions  in 
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the  muscle.  The  neural  mechanisms  are  of  varying  degrees 
of  complexity,  from  the  short,  spino  spinal  mechanisms  of  I  In' 
isolated  cord  (which  are  complex  enough)  to  the  standing  re 
flexes  of  the  lateral  vestibular  nucleus  and  the  righting  reflexes 
of  the  midbrain.  Essentially,  however,  there  are  live  impor 
tant  levels:  (a)  the  cord:  where  release  from  higher  levels  by 
isolation  causes  reflexes  to  spread  more  and  the  motor  im 
pulses  to  become  more  synchronous;  (b)  the  hind  brain:  espe 
cially  the  lateral  vestibular  (Deiters’)  nucleus,  whence  comes 
the  great,  volume  of  impulses  causing  extensor  rigidity.  'This 
is  modified  by  the  cervical  neck  reflexes  acting  on  the  vestibular 
centers  via  the  gracile  and  cuneate  nuclei,  (c)  The  mid  brain: 
where  righting  reflexes,  of  a  higher  order  than  the  neck  reflexes, 
are  coordinated.  They  come  through  the  otic  labyrinth,  the 
eyes,  and  the  muscles  and  exteroceptors  of  the  body  and  bring 
the  lower  level  stretch,  neck  and  vestibular  reflexes  under 
control.  They  cause  the  animal  to  arise,  to  make  use  of  posi¬ 
tions  such  as  standing,  and  allow  the  higher  mechanism  to 
superimpose  walking  movements  and  complicated  gaits,  (d) 
Elaboration  of  these  automatic  motor  patterns  is  controlled 
in  the  highest  “extra-pyramidal”  areas  in  the  striatum  and 
cortex. 

Out  of  these  physiological  components  one  would  like  to 
be  able  to  explain  the  clinical  varieties  of  sustained  muscular 
contraction,  but  at  present  this  can  only  be  done  in  a  rather 
speculative  way.  It  is  better  to  emphasize  the  descriptive 
aspects:  (1)  Spasticity  is  a  state  of  slight  or  severe  sustained 
contraction  in  the  antigravity  groups  of  muscles,  putting  the 
leg  into  extension  and  the  arm  into  slight  flexion.  When  the 
muscle  is  passively  stretched  against  tension  it  resists  to  a 
certain  point  and  then  relaxes.  If  the  limb  is  then  left  in  a 
new  position  it  holds  there  like  a  “clasp  knife,"  whether  it.  be 
after  shortening  or  lengthening.  Deep  reflexes  are  always 
increased,  often  to  the  point  of  marked  clonus.  'This  is  the 
muscular  state  found  after  hemiplegia  due  to  lesions  in  the 
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internal  capsule  or  cortical  lesions  widespread  enough  to  take 
in  both  areas  4  and  6. 

(2)  Rigidity  is  the  term  used  to  describe  a  plastic  muscular 
state  involving  both  flexors  and  extensors,  slowing  up  the 
voluntary  use  of  the  limb  and  causing  resistance  to  passive 
movement  that  may  be  as  great  against  flexion  as  against 
extension.  The  resistance  slowly  wears  down  under  passive 
manipulation,  but  “lengthening”  and  “shortening”  reactions 
do  not  occur  and  the  reflexes  may  lie  normal  or  difficult  to 
elicit.  The  “decerebrate  rigidity”  of  physiologists  is  much 
more  akin  to  the  spasticity  described  above;  it  is  not  to  be 
confused  with  this  clinical  “rigidity.” 

(3)  “Cogwheel  rigidity'’  is  similar  to  the  form  described 
under  (2)  but  on  passive  motion  against  muscular  tension  the 
muscle  feels  as  if  it  gave  way  in  a  series  of  steps,  as  if  the 
manipulator  were  moving  a  limb  attached  to  a  heavy  cogwheel. 
These  two  types  of  rigidity  are  found  clinically  in  paralysis 
agitans  and  allied  diseases  of  the  basal  ganglia  and  midbrain, 
probably  arising  from  lesions  of  the  old  striatum,  the  pallidum 
and  substantia  nigra  particularly. 

(4)  Cortical  lesions  in  the  extrarolandic  areas  in  man  lead 
to  the  appearance  of  a  variable  plastic  rigidity,  often  appearing 
as  if  the  patient  were  resisting  the  examiner  in  a  negativistic 
way.  The  phenomenon  is  best  brought  out  by  alternately 
flexing  and  extending  the  knee  or  elbow.  The  muscle  does  not 
feel  hard.  The  tendon  reflexes  may  bo  within  normal  limits  or 
hyperactive. 

(5)  Flaccidity.  A  limb  is  said  to  be  flaccid  when  if  offers  no 
resistance  to  passive  motion  except  its  weight,  i.e.,  the  pull  of 
gravity,  and  the  purely  mechanical  resistance  of  joint  and 
muscle.  There  is  no  reaction  to  stretch  and  no  evidence  of 
contraction  in  the  muscle  can  be  made  out  by  clinical  exami¬ 
nation.  Reflexes  are  absent.  In  short,  the  nerves  to  the 
muscles  have  been  cut.  The  term,  however,  is  not  used  ex¬ 
clusively  for  denervated  muscles.  There  are  states  of  relaxa- 
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tion  in  muscle  after  spinal  shock  that  cannot  be  clinically  dis¬ 
tinguished  from  denervation;  potassium  deprivation  causes  a 
somewhat  similar  state  and  occasionally  lesions  of  area  -1  in 
apes  and  man  may  leave  a  limb  flaccid  except  for  (he  presence 
of  tendon  reflexes. 

CEREBELLUM 

In  the  foregoing  discussion  of  the  motor  mechanism  the 
cerebellum  lias  been  disregarded,  not  because  it  is  unim¬ 
portant,  but  because  its  function  is  the  coordination  of  all  the 
muscular  contractions.  Until  the  main  motor  tracts  are 
understood  the  function  of  the  cerebellum  is  not  understand¬ 
able.  In  evolutionary  development  it  is  a  small  and  simple 
organ  in  those  vertebrates  that  have  no  legs.  It.  is  only  when 
flying,  or  walking  on  land  becomes  an  important  part  of 
locomotion  that  a  coordinating  mechanism  of  t  his  sort  is  much 
needed,  for  the  difficult  problem  is  the  coordination  of  the  fore¬ 
legs  with  the  hind,  and  of  the  right  with  the  left,  and  of  all 
four  with  head  and  trunk.  Its  greatest  development,  however, 
is  only  found  in  those  mammals  that  have  unilateral,  skilled 
movements  of  the  hands  (apes  and  man).  It  is  noteworthy 
that  the  increase  in  size  of  the  cerebellar  hemispheres  runs 
parallel  phylogenetically  with  the  increase  in  size  of  the 
cerebral  hemispheres;  the  cerebellum  has  intimate  fiber  con¬ 
nections  with  the  fore-brain,  via  the  superior  peduncles  and 
pons.  So  in  man  the  greater  part  of  the  cerebellum  can  be 
considered  as  related  to  the  “new  motor  system."  The  old 
cerebellum  consists  of  the  flocculonodular  lobe  and  the  anterior 
and  posterior  poles.  Its  fiber  connections  are  with  the  spinal 
cord,  cuneate  and  gracile  nuclei  of  the  lower  bulb  and  the 
olivary  and  vestibular  nuclei. 

The  anatomical  position  of  the  cerebellum  is  obviously  ad¬ 
vantageous  (fig.  10);  if.  sits  astride  the  motor  tracts  and  receives 
afferent  fibers  from  all  levels.  From  below  the  spino-eere- 
bellar,  bulbo-cerebellar  and  olivo-cerebellar  tracts  bring  mes- 
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sages  telling  the  position  in  space,  and  in  relation  to  one  another, 
of  the  limbs,  the  fingers,  the  trunk,  etc.  From  the  VIII 
nucleus  short  neurons  intimately  connect  with  the  cerebellum 
(vestibulo-cerebellar  tract).  Here  is  a  close  connection  be¬ 
cause  embryologically  the  cerebellum  is  an  outgrowth  of  the 
region  of  the  vestibular  nuclei;  impulses  from  the  vestibular 
nuclei  bring  information  as  to  the  position  of  the  head  and 
neck,  and  as  to  their  changes  in  position,  acceleration,  and  de¬ 
celeration. 

These  pathways  to  the  cerebellar  cortex  (and  several  others 
of  less  importance)  inform  the  cerebellum  as  to  the  position 
of  the  various  parts  of  the  body.  The  investigations  of  Snider 
(13)  and  others  make  it  clear  that  not  only  proprioceptive 
but  also  tactile,  visual  and  auditory  information  relative  to 
movement  is  relayed  to  the  cerebellum.  From  the  cortex 
of  the  cerebellum  axons  run  to  the  dentate  and  lateral  roof 
nuclei.  In  these  intracerebellar  nuclei  they  make  synaptic 
connections  with  the  cerebellar  efferent  pathways.  The  prin¬ 
cipal  ones  are  those  from  the  dentate  nuclei  to  the  anterior 
part  of  the  red  nucleus  and  to  the  thalamus,  and  from  the  lat¬ 
eral  nuclei  to  the  red  nucleus  and  to  the  reticular  formation. 
From  the  roof  nuclei  tracts  go  to  the  reticular  formation  and  to 
the  vestibular  nuclei.  The  dentato-thalamic  fibers  connect 
with  cells  in  the  thalamus  which  have  axons  going  to  the  cere¬ 
bral  cortex,  areas  4  and  6  (3).  Thus  four  motor  paths  to  the 
spinal  centers  are  available  to  carry  outgoing  cerebellar  im¬ 
pulses:  the  cortico-spinal,  the  rubro-spinal,  the  reticulo-spinal, 
and  the  vestibulo-spinal.  The  three  latter  tracts  effectively 
control  the  “old  motor  system,”  and  are  sufficient  for  walking, 
running  and  even  flying.  In  mammals,  however,  where  the 
cerebral  cortex  plays  a  great  role,  and  where  unilateral  skilled 
movements  become  more  important,  a  new  link  is  necessary — 
a  connection  between  the  cortico-spinal  tract  and  the  cerebellar 
coordinating  centers.  This  is  needed  to  coordinate  the  re¬ 
fined  cortical  movements  with  the  more  automatic  brain  stem 
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and  cord  reflexes.  For  example,  a  man  walking  rapidly  per¬ 
forms  the  act  of  putting  a  cigarette  into  his  mouth  and  lighting 
it.  The  old  motor  system  controls  the  upright  posture,  the 
balance  and  the  walking.  The  new  motor  system  (via  the 
cortico-spinal  tract)  controls  the  right  hand  in  placing  the 
cigarette  between  the  lips,  the  left  hand  in  taking  out  the 
match  box  and  holding  it,  and  the  right  hand  in  taking  and 
striking  a  match. 

The  neural  system  that  coordinates  these  two  is  that  great 
bridge  of  association  fibers  prominent  only  in  apes  and  man 
the  pons  and  brachium  ponlis  (or  middle  peduncle).  As  the 
cortico-spinal  tract  passes  down  through  the  hind-brain  be¬ 
neath  the  cerebellum  its  axones  give  off  collaterals  which  end 
about  nuclear  masses  of  the  pons.  There  are  also  large  cortico- 
pontile  tracts.  From  the  pontile  nuclei  axones  run  up  the 
peduncles  to  end  in  the  cerebellar  cortex.  Here  impulses 
from  below  have  already  delivered  information  as  to  the 
static  and  kinetic  state  of  the  trunk,  head  and  limbs.  Cere¬ 
bellar  efferent  impulses  go  to  the  cortex  of  the  cerebrum  by 
way  of  the  dentato-thalamic  fibers  and  a  thalamo-eortical  relay. 
The  cortico-pontile  association  paths  bring  news  from  head¬ 
quarters,  so  to  speak,  as  to  what  impulses  the  motor  cortex 
is  sending  out.  Thus,  not  only  is  the  cerebellar  cortex  sup¬ 
plied  with  information  from  below,  but  also  from  above.  A 
more  perfect  mechanism  for  integrating  muscle  sensibility 
with  muscle  contraction  and  inhibition  is  difficult  to  imagine  I 

Although  the  whole  cerebellar  cortex  has  a  similar  histo¬ 
logical  structure  there  is  a  certain  amount  of  functional 
localization.  The  large  lateral  cerebellar  lobes  of  man  have  to 
do  with  the  control  of  finger  and  hand  motions,  and  to  a  less 
extent  with  arm  and  leg  motions.  Thus  the  greater  part  of 
the  cerebellar  hemispheres  in  man  is  given  over  to  coordinating 
the  unilateral,  refined,  learned  movements  of  the  hands,  arms 
and  legs.  The  right  hemisphere  controls  the  right  side  of  the 
body  and  the  left  hemisphere  the  left.  The  mid-line  structures 
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are  related  to  the  trunk  muscles,  and  to  the  bilateral  correlation 
of  arms,  legs  and  trunk.  All  this  is  the  new-cerebellum  peculiar 
to  mammals.  Deep  in  the  mid-line  is  the  old-cerebellum, 
closely  related  to  the  roof  nuclei  and  to  the  vestibular  nuclei. 
Its  function  is  much  simpler,  being  the  coordination  of  posture, 
equilibrium  and  movements  of  the  head  and  eyes. 

Symptoms  of  new-cerebellar  injury  are  seen  only  when  the 
body  or  parts  of  it  are  in  motion.  When  at  rest  nothing  is 
seen.  Lesions  of  the  old-cerebellum,  cause  symptoms  resembling 
those  seen  when  the  vestibular  organs  are  injured,  e.g.,  loss  of 
standing  reflexes,  decreased  or  “pendulum”  knee  jerks,  gen¬ 
erally  slack  muscles,  and  forced  movements  of  head,  neck  and 
eyes  (nystagmus).  Injury  to  that  part  of  the  old-cerebellum 
which  is  intimately  connected  with  the  spinal  tracts,  however, 
may  cause  an  increase  in  postural  reflexes  which  allow  the 
patient  to  hold  a  position  for  a  remarkably  long  time  without 
fatigue. 

Injuries  to  the  new-cerebellum  in  man  cause  loss  of  coordi¬ 
nation  (“asynergia”)  with  awkwardness  of  movement.  The 
movements  are  often  jerky,  as  if  decomposed  into  their  com¬ 
ponent  parts  like  the  movements  of  a  puppet.  “Intention 
tremor,”  i.e.,  that  brought  on  by  trying  to  perform  some 
accurate  voluntary  movement,  is  a  common  symptom  of  cere¬ 
bellar  injury;  but  when  analytically  considered  it  is  nothing 
more  than  incoordination  with  unsteadiness  due  to  lack  of 
proper  fixation  of  the  joints.  Staggering  gait  and  walking  with 
a  “wide  base”  (feet  wide  apart)  are  other  symptoms  of  motor 
incoordination,  as  is  the  inability  to  perform  rapidly  reciprocal 
movements  of  antagonistic  muscle  groups  (“adiadokokinesis”). 
In  fact,  Babinski’s  word  “Synergia,”  working  together,  ex¬ 
cellently  describes  the  function  of  the  new-cerebellum. 

SUMMARY  OF  MOTOR  FUNCTION 

In  order  to  comprehend  the  cerebral  motor  mechanism  it  is 
important  to  realize  that  the  motor  cortex  is  “motor”  only  in 
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a  broad  sense.  It  is  rather  sensori-motor  for  here  converge 
many  association  pathways  from  the  various  sensory  receiving 
stations.  These  set  up  appropriate  efferent  responses.  Thus 
the  motor  area  is  really  a  terminal  nodal  point  from  which 
highly  integrated  influences  finally  travel  to  the  motor  cells  of 
the  cord  and  brainstem.  The  only  way  in  wThich  one  can  ex¬ 
press  himself  is  by  muscular  contraction  so  the  complex  associa¬ 
tive  mechanism  of  the  cerebral  cortex  must  have  an  outlet  to 
the  muscular  mechanisms.  The  highest  and  most  complex 
station  of  this  efferent  system  is  the  motor  cortex  which  re¬ 
ceives  the  various  cortical  stimuli  and  organizes  specialized 
voluntary  motion.  (“Voluntary”  here  means  “most  highly 
integrated,”  that  is  to  say,  responses  conditioned  by  long  de¬ 
layed  stimuli,  stored  as  memory,  for  experience  may  alter  the 
reflex  response  to  many  immediate  stimuli.)  Elaborate  re¬ 
flexes  are  coordinated  at  this  level,  but  efferent  discharges  are 
transformed  into  motor  activity  only  at  the  lowest  level  where 
peripheral  neuron  stimulates  muscle.  Before  this  takes  place, 
other  lower  and  more  primitive  centers  add  their  influence  to 
make  the  cortical  influences  effective.  Schematically  it  may  be 
said  that  the  postural  centers  of  the  mid-brain  and  medulla  give 
the  basis  from  which  to  start  voluntary  movement;  postural 
influences  hold  the  body  erect,  appropriately  placed  in  respect 
to  the  center  of  gravity,  and  allow  such  motor  activity  as  walk¬ 
ing,  without  waste  of  conscious  effort.  The  cerebellum  coor¬ 
dinates  these  two — the  voluntary  from  above  and  automatic 
from  below.  It  has  information  as  to  the  position  of  the  body  at 
any  instant  and  thus  uses  in  an  effective  and  orderly  way  the 
orders  from  the  cortical  headquarters.  Lastly,  the  ventral  horn 
cells  of  the  cord  deliver  to  the  muscles  the  coordinated  impulses. 
The  complications  of  this  process  are  so  great  as  to  be  well  nigh 
incomprehensible.  A  simple  reflex  such  as  that  of  stepping 
may  involve  an  intricate  maze  of  connecting  and  cross  connect¬ 
ing  neurons.  But  for  purposes  of  exposition  one  may  divide 
the  central  nervous  system  into  seven  levels  of  integration :  (I) 
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Neuromuscular:  the  final  common  path  along  which  all  impulses 
from  above  must  travel  to  reach  expression  in  the  muscles. 
(II)  Spinal:  simple  reflexes  with  incoordinate  postural  ele¬ 
ments.  (Ill)  Hindbrain:  coordinated  postural  and  standing 
reflexes.  (IV)  Midbrain  for  more  complex  standing  and  right¬ 
ing  reflexes  with  walking  reflexes  in  the  subthalamic  region. 
(V)  Striatum  to  elaborate  the  locomotor  reflexes  and  smooth 
out  cortical  function  and  probably  also  take  over  learned  move¬ 
ments  that  have  become  automatic.  (VI)  Cortical  motor: 
most  highly  integrated,  ‘Voluntary,”  or  skilled  motions.  (VII) 
Cortical  associative:  initiative,  memory,  symbolization,  etc. 
The  cerebellum  gives  coordination  to  the  first  six  levels. 

Another  way  of  summarizing  our  knowledge  of  motor  in¬ 
tegration  is  to  show  diagrammatically,  as  in  figure  10,  a  series 
of  neuraxes  (cerebrum,  stem  and  spinal  cord)  and  the  extirpa¬ 
tions  that  have  been  performed  upon  them,  indicating  beneath 
the  effect  of  these  experimental  lesions  upon  certain  functions. 
This  is  indeed  taking  a  liberty  with  a  great  mass  of  experi¬ 
mental  neurology  by  reducing  it  to  so  simple  a  diagram,  but 
as  a  summary  it  has  significance. 

Each  extirpation  is  indicated  by  filling  in  with  solid  black 
the  parts  of  the  brain  removed.  Below  a  +  sign  indicates  that 
the  function  opposite  is  normal,  +  +  means  increased,  and 
+  +  +  greatly  increased ;  0  means  that  the  function  is  absent. 

The  functions  were  chosen  from  a  long  list  of  possibilities 
and  obviously  are  arbitrary.  For  example,  the  term  “initia¬ 
tive”  is  meant  to  express  all  those  intelligent  faculties  of  a  dog 
or  cat  that  make  it  able  to  take  and  keep  its  place  in  the 
animal  world.  Under  “conditioned  reflexes”  are  combined 
simple  forms  of  behavior  that  are  dependent  on  past  experience. 
“Emotional  responses”  are  such  things  as  purring,  tail  wagging, 
crying  out  and  spitting.  “Locomotor  reflexes”  are  those  that 
carry  out  actual  walking  and  running.  The  “righting  reflexes” 
are  those  that  aid  an  animal  to  arise  from  a  lying  position,  or 
correct  its  position  in  relation  to  space.  “Standing  reflexes” 
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hold  an  animal  upright  against  the  pull  of  gravity,  and  dis¬ 
tribute  muscular  tension,  especially  to  the  extensor  muscles. 
“Respiration”  means  that  this  function  goes  on  regularly  and 
without  artificial  help.  The  “neck  reflexes”  start  from  pro- 
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Fig.  11.  Diagrammatic  Summary  of  Experiments  of  the  Many 
Investigators  of  Motor  Integration  in  Mammals 
It  is  by  systematic  experimental  disintegration,  through  ablation  of  different 
parts  of  the  brain,  that  the  data  have  been  collected.  For  details  see  text. 

*  Rudimentary  conditioned  reflexes  have  been  elicited  in  decorticated 
animals. 
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prioceptors  in  the  neck  muscles  and  effect  the  posture  of  the 
animal  by  variations  in  the  position  of  the  head.  “Spinal 
reflexes”  are  those  brief  and  simple  reflexes  of  the  cord  which 
have  little  or  no  postural  element. 

The  normal  animal  before  operation  has  all  of  these  functions, 
and  none  are  exaggerated  by  release  from  the  control  of 
higher  centers  (fig.  11). 
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The  hypothalamic  preparation  is  practically  decerebrated, 
only  the  hypothalamus  with  some  structures  lateral  and  caudal 
to  it  remaining  above  the  mid-brain.  This  animal  shows 
exaggerated  anger  and  pleasure  reactions,  spitting  and  growl¬ 
ing  on  very  slight  provocation.  It  is  restless  and  almost  con¬ 
stantly  in  motion,  walking  and  running,  the  legs  are  slightly 
spastic  and  the  knee  jerks  are  increased.  It  has  lost  practically 
all  ability  to  remember  and  act  in  the  light  of  past  experience, 
it  does  nothing  but  over-react  to  immediate  stimuli. 

The  mid-brain  preparation  has  had  the  cerebral  hemi¬ 
spheres  and  upper  basal  ganglia  removed.  Like  the  decorti¬ 
cated  cat  it  has  no  memory.  Emotional  responses  are  absent. 
Walking  and  running  are  present  if  the  decerebration  is  done 
in  such  a  way  as  to  leave  intact  the  whole  mid-brain.  In 
fact  the  division  between  mid-brain  and  fore-brain  is  arbitrary 
and  unsatisfactory,  for  such  an  important  motor  structure  as 
the  subthalamic  nucleus  is  on  the  dividing  line  with  represen¬ 
tation  in  both.  The  fact  is,  experiments  have  not  conclu¬ 
sively  shown  just  at  what  level  of  disintegration  of  the  neuraxis 
walking  is  lost.  Gait  is  too  complex  a  function  to  have  any 
one  exact  level  of  integration.  It  is  probable  that  all  the 
lower  basal  ganglia  (red  nucleus,  subthalamic  region,  substan¬ 
tia  nigra  and  reticular  formation,  see  figure  9)  are  needed  for 
walking,  running  and  jumping.  The  nuclei  are  so  near  to¬ 
gether  that  one  transection  of  the  brain  stem  by  the  experimen¬ 
ter’s  knife  cannot  separate  them  into  functional  units.  In 
fact  the  functions  of  arising,  standing,  walking,  running  or 
jumping  are  so  closely  dependent  one  upon  the  other  that 
simple  ablation  experiments  cannot  be  expected  to  elucidate 
their  interrelations.  There  is  good  evidence  that  the  red  nu¬ 
cleus  has  much  to  do  with  righting  reflexes,  so  with  the  mid- 
brain  intact  an  animal  can  right  itself  if  it  falls,  and  can  rise  to 
a  standing  position. 

The  hind-brain  preparation  is  a  truly  decerebrate  cat.  It 
stands  rigidly  in  an  exaggerated  way  with  head  and  tail 
raised.  The  limbs  react  conspicuously  to  passive  movements 
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of  the  head,  via  the  neck  reflexes.  If  the  animal  falls  over  it 
lies  in  the  same  position  of  extensor  rigidity;  it  cannot  right 
itself. 

The  spinal  preparation  has  lost  all  complex  behavior, 
even  the  power  of  automatic  respiration,  and  must  be  kept 
alive  with  a  bellows.  The  relatively  simple  spinal  reflexes 
remain;  most  of  them  are  hyperactive  but  are  brief,  ceasing 
almost  immediately  after  the  stimulus  is  stopped.  In  the 
reticular  formation,  however,  are  rudimentary  postural  mech¬ 
anisms  which  may  lead  to  muscular  contractures,  usually  in 
the  flexion  position. 

The  decerebellate  preparation  appears  practically  normal 
until  it  tries  to  carry  out  some  motor  act;  then  lack  of  coordina¬ 
tion  makes  it  almost  helpless.  Locomotion  is  greatly  impeded. 
The  standing  reflexes  are  usually  somewhat  exaggerated;  the 
diminution  of  these  reflexes  (“hypotonia”)  often  ascribed  to 
cerebellar  lesions,  is  probably  due  to  injury  of  the  neighboring 
vestibular  nuclei  and  their  connections  with  the  old  cerebellum 
(fig.  10). 
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Chapter  V 


FUNCTIONAL  LOCALIZATION  IN  TIIE  CEREBRAL 

CORTEX 

Since  the  time  of  Rolando,  Gall  and  Flourens  early  in  the 
nineteenth  century  there  has  been  great  interest  in  the  localiza¬ 
tion  of  cerebral  function.  In  1870  the  electrically  excitable 
area  of  the  cortex  was  discovered,  and  from  then  until  1900  the 
concept  of  localization  grew  and  became  more  specific  and 
complex,  until  absurdly  minute  charts  of  the  cerebral  cortex 
were  produced,  indicating  the  places  where  various  memories 
and  faculties  were  supposed  to  be  located.  Then  there  was  a 
reaction  against  this  specific  localization.  Some  investigators 
even  denied  the  existence  of  cortical  localization  in  the  sense 
of  specialization  of  a  function  to  a  specific  part ;  they  proposed 
that  the  brain  acts  as  a  whole,  that  it  is  “equipotential”  and 
that  loss  of  one  area  of  the  brain  does  not  mean  loss  of  a  special 
function.  Such  a  theory  approaches  the  viewpoint  of  the  “Ges¬ 
talt”  school  of  psychology,  which  deplores  the  analytical  divi¬ 
sion  of  functions  into  separate  categories,  saying  that  the  whole 
is  always  more  than  the  mere  sum  of  its  parts.  This  is  an 
important  point  of  view,  worth  keeping  in  mind  in  discussing 
cerebral  function.  Probably  activity  of  any  part  of  the  brain 
affects  many,  if  not  all  other  parts  of  the  brain.  In  that  sense 
the  organ  acts  as  a  whole,  and  the  functions  are  so  interdepen¬ 
dent  that  no  area  normally  acts  alone. 

Comparative  anatomy  shows  that  the  cerebral  cortex  of 
even  the  lower  mammals,  such  as  the  rat,  is  not  a  single  organ 
with  homogeneous  structure,  but  a  mosaic  of  several  different 
areas,  each  with  its  special  histology.  The  differences  lie  in 
the  special  arrangement  of  the  layers  of  nerve  cells  in  the  cor- 
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tex  which  may  be  recognized  by  low  magnifications  of  stained 
sections ;  some  of  the  areas  are  so  strikingly  different  that  they 
may  be  recognized  with  the  naked  eye.  The  principal  areas 
differentiated  in  the  lower  mammals  are  the  'projection  areas, 
i.e.,  those  with  long  tracts  projecting  up  from,  or  down  to 
lower  centers.  Chief  among  these  are  the  “motor  area”  (fig. 
12,  also  see  p.  72)  and  the  several  “receiving  stations”  where 
stimuli  from  special  sense  organs  reach  the  cortex;  for  example, 
the  visual  area  (area  17)  in  the  occipital  tip  of  the  hemisphere, 
the  somatic  sensory  area  (areas  1,  2,  3,  5)  just  posterior  to  the 
central  sulcus,  the  olfactory  cortex  on  the  mesial  aspect  of  the 
temporal  lobe,  and  the  auditory  cortex  in  the  superior  tem¬ 
poral  gyrus  (areas  41,  42)  and  in  the  Sylvian  fissure.  Some 
anatomists  consider  the  frontal  areas  (9,  10,  11)  to  be  “pro¬ 
jection  areas”  because  of  the  tracts  connecting  them  with  the 
thalamus  (see  fig.  13). 

Another  way  of  dividing  the  cortex  is  by  dissecting  out  the 
long  fiber  tracts  and  finding  their  cortical  terminations.  There 
are  several  large  and  definite  fiber  tracts  to  and  from  centers 
in  the  brain  stem  and  cord.  These  appear  to  be  related  to 
special  functions.  For  instance,  the  spino-thalamic  tract 
carrying  touch,  pain,  heat  and  cold  sensation  from  the  skin 
can  be  traced  to  special  nuclei  in  the  thalamus,  and  then  to 
the  somatic  sensory  area  of  the  cortex.  In  the  reverse  direc¬ 
tion  the  giant  cells  of  the  fifth  layer  of  the  motor  cortex  have 
long  axons  that  form  the  cortico-spinal  (pyramidal)  tracts 
which  carry  impulses  to  the  nuclei  of  the  cranial  and  spinal 
motor  nerves.  Thus  the  projection  areas  can  be  recognized 
by  their  fiber  connections  and  even  gross  dissection  can  out¬ 
line  them  fairly  satisfactorily. 

Not  only  is  this  histological  and  gross  anatomical  evidence 
convincing  as  to  the  existence  of  cerebral  differentiation,  but 
physiological  experiment  indicates  that  in  a  general  way  the 
more  differentiated  areas  have  special  functions.  For  ex¬ 
ample,  the  electrically  excitable  motor  cortex,  where  stimulation 
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more  differentiated  areas  have  special  functions.  The  modern 
electrographic  techniques  for  picking  up  afferent  impulses  on 
their  arrival  in  the  cortex  have  added  greatly  to  the  exactness 
of  our  knowledge  (see  “neuronography”,  p.  74),  but  have  on 
the  whole  corroborated  earlier  observations  made  by  simpler 
methods.  Electrical  stimulation  of  cortical  areas  is  one  of  the 
older  methods.  It  is  far  from  being  an  ideal  technique,  be¬ 
cause  the  stimulus  given  is  quite  different  from  the  normal. 
Nevertheless,  much  as  been  learned  in  a  gross  way.  For 
example,  the  electrically  excitable  motor  cortex,  where  stimulation 
with  an  electrode  causes  localized  muscular  movement,  takes 
in  the  whole  Rolandic  region  (areas  1,  2,  3,  4,  6  and  8)  but  is 
primarily  centered  in  area  4.  Supplementary  motor  areas  are 
found  in  the  longitudinal  and  Sylvian  fissures. 

Penfield  and  Rasmussen  (1)  emphasize  the  close  relation¬ 
ship  between  sensory  and  motor.  Their  admirable  monograph 
reports  Penfield ’s  extensive  explorations  of  the  human  cortex 
at  more  than  400  craniotomies  under  local  anesthesia.  Using 
electrical  stimulation  he  shows  that  area  4  is  taken  up  to  a  re¬ 
markably  great  extent  by  points  which  control  movements  of 
the  hand  and  face,  especially  the  fingers,  lips,  tongue,  and  jaw, 
combined  with  vocalization.  These  are  the  skilled,  special 
“voluntary”  movements  of  man.  They  cannot  be  studied  in 
other  mammals.  Even  Fulton’s  (2)  extensive  studies  of  the 
higher  apes  and  Denny-Brown’s  careful  experiments  on  mon¬ 
keys  cannot  be  accepted  as  exactly  applicable  to  man,  where 
normal  dexterity,  facial  expression  and  speech  are  unique  in 
motor  subtlety.  Less  voluntary,  supplementary  motor  syner¬ 
gies  are  referred  by  Penfield  and  Rasmussen  to  more  peripheral 
areas  (anterior  part  of  4,  6  and  8  in  fig.  12).  The  problem  of 
motor  control  has  already  been  discussed  in  Chapter  IV  (see 
pages  64-90). 

Electrical  stimulation  of  the  superior  temporal  convolution 
(areas  41  and  42)  causes  the  patient  to  hear  noises  and  bilat¬ 
eral  removal  of  these  areas  causes  deafness.  Stimulation  of 
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area  17  causes  a  sensation  of  flashing  light  and  operative  abla¬ 
tion  of  the  area  causes  hemianopia,  and  blindness  if  the  lesion 
is  bilateral.  Electrical  stimulation  of  the  postcentral  cortex 
(areas  1,  2  and  3)  elicits  in  man  numbness  and  tingling  in 
definite  parts  of  the  body.  As  in  the  precentral  motor  area, 
hand  and  face  have  a  greater  relative  representation  than 
other  parts  of  the  body.  Thumb,  lips  and  especially  tongue 
have  large  areas  in  the  sensory  strip. 

These  main  functional  localizations  are  easily  observed  in 
the  mammalian  series  up  to  man.  Throughout  phylogenetic 
development  they  keep  their  same  general  positions  and  rela¬ 
tions  to  one  another,  but  become  separated  by  the  addition  of 
new  cortical  areas  in  the  higher  forms.  Whereas  in  the  rat 
only  about  ten  different  types  of  cortex  are  recognizable,  in 
man  and  monkeys  there  are  probably  about  forty  recognizable 
areas  (3),  although  estimates  vary  from  Lashley’s  (4)  skeptical 
seven  to  Vogt’s  too  intricate  differentiation  of  over  one  hun¬ 
dred  different  histological  pictures  of  cortical  architecture. 
Brodmann’s  (2)  chart  is  the  one  most  widely  used,  but  von 
Bonin’s  (3)  book  is  recommended  as  giving  a  more  modern 
conception.  Fig.  12  is  based  on  Brodmann  and  his  numbers 
are  used.  In  a  few  areas  functional  differentiation  has  been 
shown  fairly  well  to  correspond  with  histological  pictures. 
Stimulation,  neuronography,  and  ablation  are  gradually  giving 
the  necessary  data,  and  the  projection  areas  are  well  mapped 
out  in  most  species.  Projection  of  fibers  from  thalamus  to 
cortex  and  back  seems  to  give  a  basic  pattern  for  both  func¬ 
tional  and  anatomical  localization.  The  ventro-lateral  nuclei 
of  the  thalamus  project  to  the  sensori-motor  Rolandic  region 
(areas  1,  2,  3,  4,  6,  8,  etc.).  The  postero-lateral  nucleus  pro¬ 
jects  to  most  of  the  parietal  lobe  (areas  5,  7,  19,  39,  40).  The 
lateral  geniculate  body  goes  to  area  17  and  18  (visual),  the 
medial  geniculate  to  41  (auditory).  The  frontal  areas  9,  10 
and  11  project  upon  the  dorso-medial  nucleus  (figs.  12  and  13). 

Besides  this  topographical  localization — the  mapping  out  of 


Fig.  12.  Lateral  Aspect  of  the  Cerebral  Cortex  Showing  the  Principal 
Convolutions  and  Areas.  Projection  Areas  Are  Shaded 

In  A-D  are  sketched,  in  a  much  simplified  manner,  four  microscopical 
pictures  of  sections  of  gray  matter  from  different  areas. 

“A”  is  from  area  4  showing  the  large  motor  cells  in  layer  5.  Layer  4  is  seen 
to  be  very  narrow  in  proportion.  (Nissl  stain.) 

“B”  is  from  area  17  showing  the  cellular  architecture  of  the  visual  sensory 
receiving  station.  Layer  4  is  seen  to  be  much  wider,  whereas  layer  5  is  poorly 
developed;  layer  3  is  also  narrower  than  in  “A”.  (Nissl  stain.) 

“C”  is  from  the  temporal  lobe  on  its  mesial  aspect  in  the  olfactory  (ento- 
rhinal)  cortex.  This  is  the  old  primitive  part  of  the  cortex  and  therefore  has 
only  4  layers.  (Nissl  stain.) 

“D”  represents  a  silver  stain  of  area  4,  showing  that  the  Nissl  picture  is 
only  a  first  step  in  orientation  and  gives  a  false  idea  of  simplicity,  because  the 
axonal  connections  are  complex  and  mostly  radial,  whereas  the  Nissl  picture 
gives  the  impression  of  horizontal  lamination. 
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the  cortical  surface — there  may  be  a  stratigraphical  localization, 
a  distribution  of  different  general  functions  in  the  different 
cell  laminae  throughout  the  cortex.  Brodmann  observed  that 
the  general  inherent  plan  of  cortical  architecture  was  based 
on  six  layers.  Comparative  studies  of  these  layers  in  various 
animals  indicate  that  herbivorous  mammals — rabbit,  pig,  deer 
and  wallaby — have  relatively  thin  outer  layers,  and  thick 
deep  layers.  The  carnivorous  species  have  the  outer  layers 
distinctly  more  developed.  In  the  higher  apes  and  man  this 
development  of  the  outer  layers  is  even  more  marked.  There 
are  four  principal  types  of  nerve  cell  in  the  cortex  (see  fig. 
12D) :  cells  with  long  descending  axons,  cells  with  long  ascending 
axons,  cells  with  short  axons  ramifying  near  the  cell  body  and 
cells  with  horizontal  axons.  Even  though  the  laminations  in 
different  areas  appear  quite  distinctive  there  is  an  underlying 
arrangement  of  axons  and  dendrites  that  holds  throughout. 
In  its  most  simplified  form  it  consists  of  a  large  motor 
cell  with  an  efferent  axon  from  which  arises  a  collateral  that 
turns  back  and  connects  with  two  or  three  small  nerve 
cells  which  in  turn  send  impulses  to  the  motor  cell.  This 
allows  for  reverberation  and  steadying  of  nervous  discharge. 
According  to  Lorente  de  No  (5)  this  summarizes  the  plan  upon 
which  the  central  nervous  system  is  built.  In  the  mammalian 
cortex  this  underlying  plan  is  hidden  by  the  complexity  of  the 
structure.  Diagrammatically  (fig.  12D)  one  can  say  that  long 
afferent  axons  enter  the  cortex  from  the  white  matter  and  run 
up  to  cells  in  lamina  4  with  some  collaterals  to  the  dendrites  of 
the  big  motor  cells  of  lamina  5;  these  motor  cells  send  down 
long  efferent  axons  to  the  white  matter,  but  on  the  way  give 
off  collaterals  that  run  to  layers  2,  3  and  6.  In  the  fourth 
layer  are  many  cells  with  short  axons,  and  in  the  fifth  and  sixth 
are  some  with  long  ascending  axons  for  association  even  with 
the  horizontal  cells  of  the  first  layer.  The  long  ascending 
dendrites  of  the  large  motor  cells  of  layer  5  also  reach  these 
horizontal  cells  of  lamina  1.  Thus  it  is  seen  that  the  cortical 
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connections  between  nerve  cells  are  radial  and  on  a  plan  that, 
by  widespread  association  and  feed-back,  gives  steadiness  to 
the  nervous  discharges.  The  layers  appear  in  Nissl  stains  of 
the  cell  bodies  and  are  somewhat  misleading  but  neuronography 
gives  additional  evidence  that  there  is  a  laminar  differentiation 
in  the  cortex. 

Not  only  do  all  these  special  studies  show  that  there  is 
functional  localization  in  the  cerebral  cortex,  but  a  mass  of 
clinico-pathological  data  indicates  how  local  lesions  cause 
specific  neurological  and  psychological  abnormalities  (1).  Apo¬ 
plexy  in  man  commonly  causes  a  hemiplegia — the  hemorrhage 
is  often  in  the  internal  capsule  and  the  injury  is  often  perma¬ 
nent,  so  the  performance  of  skilled  movements  with  the  para¬ 
lyzed  limbs  is  impossible.  Although  the  lesions  are  not  as 
focal  as  the  experimental  lesions  of  the  physiologists,  yet  the 
quantity  of  data  proves  that  the  internal  capsule  carries  fibers 
concerned  with  unilateral,  skilled  movement,  and  these  fibers 
can  be  traced  to  area  4,  and  to  a  less  extent  to  the  other  parts 
of  the  sensori-motor  cortex.  Injury  or  softening  of  the  visual 
cortex  in  the  occipital  lobe  leads  to  loss  of  vision  in  the  homolo¬ 
gous  half  of  each  retina,  and  special  parts  of  the  retina  are 
represented  by  special  parts  of  the  visual  cortex.  Hundreds  of 
such  cases  have  been  reported.  There  are  a  few  cases  known 
of  deafness  from  bilateral  softening  in  the  transverse  temporal 
gyri  of  the  temporal  lobes. 

The  temporal  lobe  is  a  complex  region  with  three  main  parts : 
(a)  the  old  rhinencephalon,  with  its  hippocampus,  uncus  and 
amygdala  (see  page  27);  (b)  the  receiving  station  for  hearing 
(area  41)  which  is  elaborated  in  the  leading  hemisphere  into  a 
speech  center  by  the  training  of  areas  39,  40,  42,  43,  and  44; 
and  (c)  areas  20  and  21  (probably  overlapping  42  and  19  and 
passing  underneath  with  area  20  around  to  the  mesial  surface 
to  join  the  old  cortex  of  the  visceral  brain).  The  function  of 
these  areas  has  to  do  with  visual  and  auditory  memories,  dream 
states  and  comparison  of  present  perceptions  with  past  ex- 
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perience.  Penfield  (1)  has  elicited  definite  personal  memories, 
in  the  form  of  hallucinations,  by  stimulating  this  area  of  the 
cortex.  No  other  area  gives  anything  like  this.  Lesions  here 
cause  epileptic  fits  with  automatic  behavior,  amnesias  and  fear 
states,  as  well  as  mental  symptoms  without  fits.  Perhaps  this 
complex  physiology  is  explained  by  the  proximity  of  areas  21 
and  22  to  the  visceral  brain  (with  its  emotional  elaboration)  on 
the  one  side  and  to  the  symbolic  speech  areas  on  the  other  (61 . 
Lesions  of  the  uncus  commonly  cause  hallucinations  of  taste 
or  smell  as  an  aura  to  a  fit. 

In  the  parietal  lobe  lesions  as  well  as  the  stimulation  experi¬ 
ments  have  proved  that,  in  the  sensory  strip  of  the  post- 
central  gyrus,  somatic  sensation  is  represented  just  as  move¬ 
ments  are  represented  in  the  pre-central  gyrus.  The  two 
correspond  in  topography.  Sensation  in  the  genitalia  and  feet 
is  represented  just  over  the  top  on  the  mesial  surface  and  on 
the  vertex;  leg,  trunk,  arm,  hand,  face  and  tongue  are  found  in 
descending  sequence,  matching  their  motor  counterparts  quite 
well  across  the  fissure  of  Rolando.  All  such  observations  give 
one  the  practical  evidence  necessary  to  localize  lesions  within 
the  cranium,  a  most  important  consideration  when  the  lesion 
may  be  surgically  removable. 

It  is  impossible  to  localize  the  more  abstract  functions,  those 
functions  less  obviously  connected  with  the  direct  receiving 
stations  of  the  cortex,  or  with  the  direct  cortico-spinal  motor 
mechanism.  Such  functions  are  related  to  the  areas  of  the 
cortex  which  are  phylogenetically  more  recent,  i.e.,  the  frontal 
areas  and  the  mid-parietal  and  temporal  regions.  In  the  last 
few  years  a  great  deal  has  been  learned  about  the  symptoms 
of  lesions  of  the  frontal  areas;  great  destruction  can  occur  in  the 
anterior  part  of  either  frontal  lobe  with  little  clinical  change  in 
the  patient;  lesions  which  injure  both  frontal  lobes  are  the 
most  destructive  to  intellectual  faculties.  The  principal  symp¬ 
toms  of  frontal  lobe  removal  in  man  (7),  when  areas  9,  10,  11, 
and  45  are  removed  on  both  sides,  indicate  that  there  is  no 


104 


FOUNDATIONS  OF  NEUROPSYCHIATRY 


qualitative  loss  of  any  one  capacity,  but  a  quantitative  reduc¬ 
tion  of  restraint,  judgment,  ability  to  learn,  initiative  and  fore¬ 
sight.  The  patients  tend  to  become  lazy,  fat  and  a  little  silly. 

Most  of  our  knowledge  of  the  function  of  the  frontal  areas 
comes  from  the  effects  of  the  operation  of  frontal  leukotomy 
or  “lobotomy,”  that  has  now  been  performed  on  thousands  of 
patients  to  relieve  mental  illness  (8).  Agitation,  depression 
and  obsessive  thoughts  are  usually  relieved,  but  at  the  expense 
of  some  capacity  for  planning,  initiative  and  tact.  The  re¬ 
ported  results  vary  a  great  deal.  It  is  difficult  to  describe 
accurately  such  complex  phenomena.  One  of  the  best  brief 
summaries  is  that  by  Robinson  and  Freeman  (8).  They  be¬ 
lieve  that  the  operation  does  not  affect  intelligence  signifi¬ 
cantly,  that  it  makes  thinking  less  abstract  and  more  con¬ 
crete,  and  that  it  affects  adversely  the  maintenance  of  prolonged 
attention  and  planning  ability.  Robinson’s  careful  psycho¬ 
logical  tests  indicate  that  surgical  damage  to  areas  within  the 
frontal  lobes  is  capable  of  relieving  neurotic  and  psychotic 
symptoms,  probably  by  injury  to  the  fronto-thalamic  connec¬ 
tions.  There  is  a  marked  reduction  in  strong  emotional 
expression,  but  little  effect  upon  memory  or  upon  general 
intelligence.  The  operation  does,  however,  reduce  planning 
ability  and  sustained  attention.  It  reduces  anxiety  and  intro¬ 
spection.  It  produces  a  good  deal  of  early  confusion,  but 
after  a  few  months  or  years,  many  patients  make  good  adjust¬ 
ments  to  the  present,  since  many  of  them  have  been  freed  of 
complicating  worries. 

In  the  area  about  the  Sylvian  fissure,  there  lies  the  cortex 
that  controls  man’s  most  intricate  functions,  those  that  go  to 
make  language  possible.  More  specifically  these  have  to  do 
with  symbolization  of  how  a  thing  looks,  how  it  sounds,  how 
an  act  is  performed.  If  there  is  injury  to  this  area,  the  symp¬ 
toms  are  those  of  agnosia,  aphasia,  and  apraxia.  These  areas 
in  the  cortex  are  the  most  highly  specialized,  and  are  developed 
to  a  useful  functional  level  only  in  the  leading  hemisphere. 
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Man  alone  talks,  and  only  in  man  is  there  a  cerebral  develop¬ 
ment  sufficiently  complex  to  serve  as  a  mechanism  for  language. 
How  this  developed  phylogenetically  is  admirably  told  by 
Elliott  Smith  in  his  Essays  on  the  Evolution  of  Man  (9).  In 
phylogeny  there  is  evident  a  close  relationship  between  the 
development  of  binocular  vision,  manual  skill,  and  finally  a 
leading  hand  and  leading  cerebral  hemisphere.  When  man’s 
shrew-like  ancestors  took  to  trees  and  left  behind  them  quadru¬ 
pedal  locomotion,  their  fore-limbs  were  emancipated  to  become 
hands,  and  the  possibility  of  dexterity  (with  all  that  it  implies) 
developed. 

Other  vertebrates  specialize  and  reach  narrow  superiority 
by  unique  development  of  one  type  of  sense  organ.  The 
hawk  has  a  far  better  visual  apparatus  than  man;  the  hound 
specializes  in  olfaction  and  lives  in  a  world  of  smell;  the  bat 
has  an  auditory  equipment  beyond  comparison.  Man  excels 
because  of  lack  of  specialization.  His  specialty  is  a  leading 
hemisphere,  evenly  developed  in  the  reception  and  elaboration 
of  all  types  of  sensory  impression.  It  is  this  even  develop¬ 
ment  that  allows  for  association  between  the  different  sensory 
receiving  stations ;  and  it  is  the  development  of  the  mechanism 
of  association  that  has  made  intellectual  behavior  possible. 
Other  vertebrates  lost  the  possibility  of  intellect  when  they 
developed  great  excellence  of  one  sense  organ  at  the  expense  of 
an  even  development  of  all. 

We  have  used  the  term  dexterity.  Why  is  it  “dexter,” 
right?  There  is  some  rather  poor  evidence  that  lower  mam¬ 
mals  have  handedness,  but  in  man  alone  is  there  a  definite 
leading  hemisphere.  About  seventy-five  per  cent  of  men  are 
right  handed,  the  remaining  twenty-five  per  cent  are  left  handed 
or  ambidextrous  (10).  Various  explanations  have  been  given, 
from  heliocentrism  to  blood-flow  to  the  brain.  None  is  at 
all  convincing.  The  most  probable  seems  to  be  that  it  happens 
through  the  chance  of  Mendelian  inheritance. 

The  dominance  of  the  left  hemisphere  is  marked  in  right 
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handed  people,  but  the  functions  are  probably  not  confined  to 
the  left  hemisphere;  the  dominance  is  relative.  Studies  on 
aphasia  (11,  12)  have  shown  that  even  speech  is  subserved 
in  a  rudimentary  way  in  the  right  hemisphere  of  right-handed 
persons.  In  this  leading  hemisphere  in  which  there  is  a  pre¬ 
dominant  centering  of  manual  skill  (eupraxia)  symbolic  under¬ 
standing  (eugnosia) ,  and  language,  there  is  a  great  development, 
through  training,  of  many  associative  traits.  The  function 
of  language  needs  both  eupraxia  and  eugnosia,  in  fact,  each 
needs  the  other  two  for  effective  behavior.  Nevertheless  it 
seems  that  language  is  the  most  highly  integrated  of  man’s 
functions.  Although  the  integration  is  most  complex  at  the 
cerebral  level,  it  is  integrated  at  several  lower  levels.  Sche¬ 
matically  one  may  divide  these  into  five:  the  neuromuscular 
level  takes  in  the  peripheral  muscles  of  speech  in  larynx,  lips 
and  tongue,  with  nerve  cells  in  the  medulla  oblongata  and 
axons  to  the  muscles.  Disturbances  of  this  level  lead  to  paraly¬ 
sis  or  partial  paralysis  of  the  speech  mechanism  with  different 
degrees  of  aphonia.  Corticobulbar  neurones  make  up  the  next 
level  and  lesions  of  these  (most  commonly  in  the  cerebral 
peduncles)  cause  dysarthria.  The  cerebellum  is  a  coordinating 
mechanism  of  great  importance  in  speech.  Lesions  here  result 
in  asynergia  causing  such  symptoms  as  “scanning,”  explosive 
and  monotonous  speech.  Only  at  the  cerebral  level  do  agnosia 
and  aphasia  result  from  lesion.  More  complex  than  any  of 
these  fairly  well  understood  mechanisms  is  the  level  of  language 
that  is  disturbed  in  stuttering  and  stammering.  Little  is  known 
of  its  cerebral  localization.  Evidence  indicates  that  it  is 
closely  connected  with  emotional  expression  (see  Chapter 
XIV),  and  with  lack  of  clearly  defined  dominance  of  one  cere¬ 
bral  hemisphere  (7). 

Aphasia  has  been  extensively  studied,  and  many  unjustifi¬ 
ably  diagrammatic  explanations  of  the  speech  mechanism  have 
been  promulgated.  Taking  the  whole  region  about  the  Sylvian 
fissure  and  mapping  out  the  general  localization  as  indicated 
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by  the  best  cases,  it  may  be  said  that  lesions  in  the  lower  end 
of  areas  4  and  6  and  in  43  (motor  centers  for  lips,  tongue  and 
larynx)  cause  dysarthria  or  bad  pronunciation.  Lesions  just 
above  the  fissure,  in  area  44,  cause  motor  aphasia:  the  patient 
understands  language  but  cannot  remember  how  to  form  words. 
Lesions  in  area  41  cause  loss  of  the  appreciation  of  spoken 
language  called  sensory  aphasia,  but  better  described  as 
acoustic  verbal  agnosia ,  for  the  patient  hears  the  words  but  does 
not  know  what  the  word  sounds  mean  (11).  Lesions  near  the 
angular  gyrus  (area  39)  cause  an  aphasia  with  marked  diffi¬ 
culty  in  reading  called  alexia  or  visual  verbal  agnosia.  More 
extensive  injuries  give  a  mixed  picture  with  some  loss  of  all 
forms  of  language  appreciation  and  expression  (“global  apha¬ 
sia”);  with  this  there  is  often  apathy  and  decrease  of  intellec¬ 
tual  activity.  All  these  phenomena  lead  one  to  believe  that 
“ intellect ”  is  just  as  closely  connected  with  the  mechanism  of 
language  about  the  Sylvian  fissure  as  it  is  with  the  frontal 
areas. 

It  is  difficult  to  explain  just  what  the  function  of  the  cerebral 
cortex  really  is.  Some  careful  scientists  working  in  this  field 
say  that  what  one  knows  of  reflexes  and  simpler  brain  mecha¬ 
nisms  fails  entirely  to  explain  psychic  phenomena.  They 
believe  that  something  new  comes  in,  of  which  no  one  has 
offered  a  description  even  distantly  reasonable.  With  this 
conservatism  I  do  not  agree.  I  believe  that  Sherrington’s 
(13)  idea  of  integration  gives  a  working  hypothesis  upon  the 
basis  of  which  one  may  eventually  be  able  to  explain  the  higher 
mental  functions.  The  terms  may  not  be  just  those  used  to 
describe  the  lower  reflex  mechanisms,  but  they  may  be  similar. 
Indeed  up  to  the  present  there  is  no  hint  of  any  fundamental 
difference  between  the  “mental”  and  “non-mental”  functions 
of  the  central  nervous  system,  except  that  with  the  increasing 
complexity  of  the  brain  as  the  phylogenetic  series  is  ascended, 
there  comes  into  more  and  more  prominence  the  phenomenon 
of  consciousness. 
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Even  at  spinal  levels  there  is  an  anatomical  and  physiological 
mechanism  which  to  me  gives  a  clue  as  to  the  nature  of  such 
“mental”  attributes  as  memory  and  learning.  It  is  the  mech¬ 
anism  that  allows  spread  of  impulses  from  one  reflex  level  up 
and  down  to  other  segments,  and  by  spread  aids  delay.  Per¬ 
haps  Fulton’s  (2)  term  long  circuiting  best  epitomizes  the 
idea.  Short  reflex  arcs  across  the  cord,  medulla  or  other  lower 
centers  give  rapid  automatic  responses.  These  can  be  termed 
“short  circuits.”  When  a  nerve  impulse  is  shunted  up  the 
cord  to  higher  levels — as  most  impulses  normally  are — then 
“long  circuiting”  begins.  It  is  the  mechanism  that  allows 
for  an  enormous  increase  in  association;  it  gives  higher  inte¬ 
gration  and  leads  to  delayed  action.  This  process  of  spread 
is  essential  for  coordination.  Its  acme  is  found  in  the  cerebral 
cortex  where  stimuli  arriving  at  one  receiving  station  (e.g., 
the  visual  “center”)  spread  in  innumerable  directions  to  many 
other  cortical  areas,  awakening  associations,  habitual  responses, 
memories.  Sherrington  (14)  refers  to  the  cerebral  cortex 
as  “one  of  several  bridges  from  input  to  output,  though  it 
is  of  them  all  the  longest  way  round  and  the  most  complex.” 
The  longest  way  round  would  seem  to  be  just  what  is  needed 
to  cause  a  delay  in  response,  probably  a  most  necessary  and 
useful  mental  process,  for  while  delay  persists  the  spreading 
impulses  are  making  more  and  more  contacts,  they  are  arousing 
more  and  more  associations.  This  allows  the  past  experience 
of  the  individual  to  affect  his  behavior,  and  if  there  is  any 
distinction  between  man  and  “lower”  mammals,  it  would 
seem  to  be  this:  adult  man  usually  acts  in  the  light  of  past 
experience,  it  is  typical  of  his  behavior  that  he  “puts  two  and 
two  together”;  even  in  apes  this  process  is  but  rudimentary.1 

In  my  opinion  the  widespread  activity  of  association  paths 
is  one  of  the  essential  phenomena  of  “mind.”  Of  course  it  does 
not  give  any  clue  to  the  mystery  of  consciousness.  But  it  is 

1  Further  discussion  of  learning,  reasoning  and  goal  is  taken  up  in  Chap¬ 
ter  XIII. 
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a  line  of  thought,  perhaps  only  an  analogy,  that  brings  out  the 
relationship  between  reflex  actions  and  some  of  the  more  com¬ 
plex  mental  phenomena  that  one  reasonably  associates  with 
the  cerebral  cortex. 

An  old  automobile  quits  on  a  hill.  The  mechanic  comes, 
listens,  looks  and  explores.  Finally,  he  locates  the  trouble  by 
certain  dysfunctions  and  their  concomitant  symptoms.  This 
means  localization  of  function  which  one  readily  accepts  in 
an  engine.  Of  course,  there  is  also  coordination  and  dynamic 
interaction  of  all  parts  to  make  a  whole  functioning  engine. 
But  the  fact  is  it  stopped  because  only  one  part  was  out  of 
order.  So  with  the  brain,  it  may  be  that  one  lesion  affects  the 
working  of  the  whole,  but  nevertheless  the  whole  is  made  up 
of  localized  units.  The  parts  have  more  or  less  individual 
functions,  when  put  together  something  new  is  built.  This 
new  coordinated  organism  loses  something  when  any  part  is 
injured.  It  has  not  the  same  "Gestalt”  as  it  had  before,  but 
it  majr  perform  a  satisfactory  job  and  the  organism  may  show 
no  obvious  symptoms  of  injury.  Injury  in  another  part  may 
make  obvious  symptoms.  Reviewing  the  available  evidence 
it  seems  proved  that  in  lower  mammals  cerebral  lesions  cause 
less  permanent  loss  of  function  (15)  than  in  man  where  func¬ 
tional  loss  from  cortical  injury  returns  very  little;  in  other 
words,  localization  in  man  is  more  fixed,  and  one  general  func¬ 
tion  is  more  specifically  associated  with  one  type  of  cortex. 
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Chapter  VI 


CONSCIOUSNESS  AND  THE  “MIND-BODY”  PROBLEM 

There  has  been  a  great  deal  written  about  “consciousness,” 
“unconsciousness,”  “the  subconscious”  and  even  the  “pre-” 
and  the  “co-conscious.”  In  the  wealth  of  words  concerning 
the  psychological  aspects  the  fundamental  neurological  impli¬ 
cations  are  often  overlooked.  The  attempt  to  understand 
the  nature  of  consciousness  is  one  of  the  major  problems  of 
biology  and  philosophy. 

The  problem  has  been  complicated  by  lack  of  definition  of 
the  term  by  the  different  authors.  In  this  book  I  propose  to 
use  the  word  “consciousness”  to  mean  “awareness”  of  environ¬ 
ment  and  of  self.  This  is  more  than  merely  responding  to 
stimulation,  which  of  course  can  be  done  by  the  legs  of  a  spinal 
man  without  his  being  aware  of  any  reactions.  Consciousness 
is  not  merely  a  philosophical  concept;  it  is  a  function  of  the 
organism  in  action  just  as  much  as  contraction  is  a  function  of 
muscle  (1)  and  the  evidence  for  the  former  is  just  as  convincing 
as  for  the  latter.  There  are  plenty  of  adequate  common  sense 
tests  for  determining  when  a  man  is  aware  of  stimuli,  just  as 
there  are  adequate  methods  for  determining  when  a  muscle  is 
contracting.  Consciousness  is  a  physiological  function,  and  as 
such  is  associated  with  a  system  of  organs,  the  central  nervous 
system.  It  is  a  variable  state  of  function,  both  in  duration 
and  intensity.  Normally  it  is  a  fairly  continuous  state,  but 
brief  flashes  of  consciousness  are  possible.  The  intensity  of 
the  function  (or  perhaps  the  word  “acuteness”  is  more  descrip¬ 
tive)  varies  greatly,  it  is  not  a  matter  of  all  or  none. 

Consciousness  cannot  be  understood  from  one  angle  only, 
so  clinical  and  neurological  data  are  important  to  keep  the  prob- 
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lem  in  proper  perspective  for  the  psychologist  and  philosopher. 
When  the  more  complex  problems  of  neurology  are  considered 
it  is  obvious  that  such  simple  schematizations  as  the  levels  of 
integration  are  inadequate;  they  are  not  refined  and  elaborate 
enough  to  fit  all  the  facts.  Nevertheless,  the  central  nervous 
system  is  a  hierarchy  of  more  and  more  complex  neural  mecha¬ 
nisms  and  whether  one  uses  a  fine  or  a  coarse  scale  in  measuring 
off  the  units  is  a  matter  of  expediency.  In  figure  8  a  six  point 
scale  is  used;  arbitrarily  this  will  do  for  the  present  discussion. 
Most  authors  localize  consciousness  in  the  cerebral  cortex 
(level  VI,  fig.  8).  McDowall’s  (2)  definition  of  consciousness 
is  “the  appreciation  of  the  stream  of  afferent  impulses  which 
pass  to  the  cerebrum”;  but  lower  animals,  such  as  the  bee  (8) 
with  no  cerebrum  appear  to  have  consciousness,  so  this  should  be 
at  least  modified  to  read :  A  state  of  sustained  awareness  of  the 
stream  of  afferent  impulses  that  reaches  the  highest  level  of  nervous 
integration  of  a  given  organism.  Perhaps  this  is  not  broad 
enough,  for  even  plants  such  as  the  sunflower  that  turns  to¬ 
wards  strong  light  may  have  a  vague  awareness  of  warmth 
and  comfort.  There  are  many  degrees  of  consciousness  and 
it  is  my  contention  that  it  is  integrated  at  many  levels  like 
other  important  functions  of  the  central  nervous  system. 

In  man  and  the  higher  mammals  there  is  some  evidence  that 
consciousness  is  especially  related  to  the  cerebral  cortex  and 
the  reverberating  circuits  that  exist  between  the  cortex  and 
the  thalamus  (see  fig.  13).  The  essential  mechanism,  from  the 
physiological  point  of  view,  is  an  arrangement  of  neurons  that 
can  keep  up  a  sustained  state  of  activity  following  a  few  inter¬ 
mittent  stimuli.  For  this  the  mechanism  sketched  in  figure 
13  is  admirably  suited.  It  is  based  on  the  work  of  Magoun  (3) 
who  has  shown  that  there  lies  in  the  reticular  formation  of  the 
brainstem  an  activating  system,  stimulation  of  which  arouses 
an  animal  to  alertness.  It  also  changes  the  electrocortical 
activity  from  the  more  synchronized  sleep  patterns  to  the  lower- 
voltage,  more  rapid  wave  patterns  of  wakeful  activity.  He 
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gave  an  excellent  summary  of  this  work  in  a  volume  published 
in  1954  entitled  “Brain  Mechanisms  and  Consciousness,”  a 
cooperative  work  edited  by  Adrian,  Bremer,  Delafresnaye,  and 
Jasper.  This  is  perhaps  the  most  important  book  on  neuro¬ 
physiology  since  Sherrington  published  his  “Integrative  Action 
of  the  Nervous  System”  in  1906.  The  term  “reticular  forma¬ 
tion’’  may  be  too  morphological  for  this  central  internuncial 
system;  perhaps  the  more  physiological  designation  “unspecific 
afferents”  better  indicates  the  nature  of  the  mechanism.  It  is 
a  mass  of  neurones  interposed  between  the  long  specific  tracts 
and  the  diffuse  infra  laminar  nuclei  of  the  thalamus.  Impulses 
are  received  by  way  of  collaterals  arising  from  the  long  classic 
tracts  and  ending  in  the  reticular  formation,  where  several 
relays  carry  them  diffusely  to  the  thalamus.  A  thalamocorti¬ 
cal  system  then  takes  them  on  to  widespread  distribution  in 
the  cerebral  cortex. 

Jasper’s  work  (3)  with  microelectrodes  shows  that  the  dis¬ 
tribution  to  the  cortex  for  this  “internuncial”  or  “reticular” 
system  is  different  from  that  of  the  specific  afferent  tracts.  It 
is  widespread  and  non  specific.  It  seems  to  have  a  general 
effect  upon  the  cortex  and  to  have  nothing  to  do  with  the 
highly  specialized,  discriminative  function  of  the  classic  sensory 
receiving  stations  of  the  neocortex.  The  great  specific  af¬ 
ferent  tracts  are  spinal  and  bulbar  somatic,  cerebellar,  auditory, 
visual,  and  olfactory  (see  fig.  13).  All  of  these  tracts  have  re¬ 
lays  in  specific  nuclei  in  the  ventral  part  of  the  thalamus  (ex¬ 
cept  the  olfactory,  which  goes  directly  to  the  hypothalamus). 
They  also  send  off  collateral  branches  to  the  reticular  formation 
of  the  upper  brainstem  for  the  “unspecific”  function  carried 
out  by  the  diffuse  thalamocortical  projection  systems,  which 
have  their  cells  of  origin  in  the  mesial  parts  of  the  thalamus. 
The  general  function  of  these  non-specific  projections  is  prob¬ 
ably  closely  related  to  awareness  of  environment,  alertness,  and 
similar  functions  usually  loosely  grouped  under  the  term 
“consciousness.” 
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Adrian  (3)  suggested  the  hypothesis  that  an  editing,  or 
selecting,  function  takes  place  in  the  reticular  formation  and 
that  this  may  result  in  what  we  call  “attention.”  This  area 
is  the  meeting  ground  of  all  signals  from  receptor  organs;  the 
reticular  mechanism  might  add  its  impulses  and  enforce  or 
withhold  impulses  and  thus  suppress  specific  afferents.  Lash- 
ley  (3)  favored  a  cortical  origin  for  the  mechanism  of  attention 
and  considered  that  the  brainstem  centers  had  a  general 
awakening  function.  Jasper  agreed  with  Adrian,  emphasizing 
that  the  convergence  of  collateral  fibers  from  the  various 
sensory  tracts  upon  the  reticular  formation  is  an  important 
consideration. 

“Consciousness”  is  one  attribute  of  mind;  that  part  which 
has  to  do  with  awareness  of  self  and  of  environment.  It  varies 
in  degree  from  moment  to  moment  in  man,  and  from  amoeba 
to  man  in  phylogeny.  As  Schiller  (4)  says,  “Consciousness 
can  have  no  seat,  any  more  than  terms  like  circulation  or 
contractility.”  It  is  a  function  that  we  cannot  quantify,  be¬ 
cause  it  is  purely  subjective,  but  we  deduce  much  about  it 
from  an  organism’s  behavior.  It  is  a  function  distinctly  on 
the  sensory  or  input  side  of  the  integrating  mechanism.  Con¬ 
sciousness  is  an  attribute  of  mind  that  seems  to  become  more 
prominent  as  the  brain  becomes  more  and  more  complex  in  the 
ascent  of  the  phylogenetic  scale.  It  can  only  be  proved  to  be 
present  in  man  and  then  only  by  personal  experience  and  in¬ 
trospection.  It  can,  however,  be  inferred  to  be  present  by 
behavioral  evidence  in  other  men  and  other  animals. 

Lindsley  (5)  has  made  a  thorough  review  of  the  difficult  litera¬ 
ture  concerned  with  the  question :  How  does  the  brain  produce 
adaptive  behavior?  There  apparently  is  a  point  both  in 
phylogenetic  evolution  and  ontogenetic  development  where  the 
ramification  of  dendrites  becomes  great  enough  to  allow  for 
cooperative  interactions  of  nerve  cells.  There  is  some  evidence 
that  at  about  this  point  integrated  perceptual  acts  can  be 
recognized  from  the  behavioristic  standpoint,  and  new  pat- 
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terns  of  cortical  potentials  arc  seen  electroencephalographically. 
What  processes  are  taking  place  within  the  cerebrum  along 
with  the  enormous  increase  in  the  number  of  cooperating  nerve 
cells,  we  do  not  know.  But  careful  correlation  of  data  from  the 
fields  of  physics,  physiology,  and  psychology  is  beginning  to 
make  progress. 

Of  course  there  is  some  localization  of  “mind”  and  “con¬ 
sciousness.”  They  are  integrated  more  in  some  parts  of  the 
central  nervous  system  than  others — certainly  more  in  upper 
brainstem  and  cerebral  cortex  than  in  cerebellum  and  cord. 
But  still,  mind  is  a  function  of  the  living  brain  in  action. 
It  is  the  integration  itself,  the  relationship  of  one  functioning 
part  of  the  brain  to  another  (see  p.  127).  As  such  it  cannot  be 
relegated  to  a  center,  or  even  to  a  level.  If  we  seriously  be¬ 
lieve  in  the  recent  advances  in  neurophysiology  which  indicate 
that  the  brain  is  equipped  with  extensive  feed-back  mechanisms 
and  reverberating  circuits  of  neurones,  we  should  expand  our 
concept  of  a  “center.”  Even  “levels”  become  too  restricting, 
because  sequences  of  impulses  in  time  have  to  be  taken  as 
major  considerations.  These  circuits  are  now  proved  by  ana¬ 
tomical  and  physiological  observations.  They  range  all  the 
way  from  the  recurrent  collaterals  of  axones  to  the  complex 
thalamocorticostriatal  circuits.  A  circle  has  no  top,  so  when 
dealing  with  such  mechanisms  and  such  concepts,  one  must 
modify  his  thinking  about  “higher”  and  “lower”  levels.  Cer¬ 
tainly  there  are  differences  in  complexity  and  in  the  number  of 
neurone  circuits  that  impinge  on  certain  cerebral  areas.  In 
this  sense  the  reticular  formation  of  the  brainstem  stands  out 
as  one  of  the  most  complex.  But  I  do  not  believe  that  any 
one  area  for  final  integration  exists.  Integration,  by  its  very 
nature,  cannot  be  final,  and  one  part  of  an  integrated  whole  is 
not  more  important  than  another.  The  discriminative  func¬ 
tion  of  the  cortex  is  just  as  essential  as  the  coordinating  func¬ 
tions  of  the  ventral  thalamus;  neither  could  function  without 
the  other. 
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When  the  human  organism  is  working  well,  functioning  as  a 
whole,  there  is  probably  the  highest  degree  of  consciousness, 
and  a  feeling  of  well  being  and  capability.  In  such  a  state 
attention  is  usually  directed  to  certain  objects  with  neglect  of 
others.  Therefore  there  is  never  a  state  that  could  be  called 
full  consciousness.  Experiments  with  hypnosis  prove  that 
even  in  one’s  most  alert  moments  innumerable  stimuli  do  not 
get  conscious  attention,  but  many  of  these  stimuli  outside  the 
field  of  attention  are  taken  in  and  remembered.  They  cannot 
be  voluntarily  "brought  to  consciousness,”  but  under  hypnosis 
can  be  easily  reached.  Therefore  it  is  not  a  matter  of  a  "con¬ 
scious”  or  an  "unconscious”  mind.  It  is  a  matter  of  being 
more  or  less  conscious  of  the  objects  in  our  environment,  the 
degree  depending  on  one’s  education,  attention  and  many  other 
factors.  For  such  a  discriminative  mechanism  of  consciousness 
the  cerebral  cortex  is  necessary. 

Some  neurologists  (6)  argue  that  the  cerebral  cortex  has 
little  to  do  with  "consciousness”  because  extensive  removals 
of  cortex  do  not  make  the  patient  unconscious.  But  patients 
I  have  seen  with  extensive  cortical  removals  were  usually  dull 
and  had  partial  loss  of  consciousness  in  my  sense  of  not  being 
normally  responsive  and  aware  of  the  world  around  them. 
This  highest  faculty  of  man,  the  discriminative  and  attentive 
awareness  of  what  is  going  on,  is  a  most  variable  function.  The 
alert  discriminative  part  probably  is  related  to  the  cerebral 
cortex.  The  thalamus  and  upper  brainstem,  especially  the 
reticular  formation  and  intraluminar  nuclei  of  the  thalami, 
seem  to  have  to  do  with  variations  in  levels  of  awareness. 
This  is  the  centrencephalic  system  described  by  Penfield  (7). 

Only  under  excitement  does  man  approach  full  consciousness, 
and  then  the  important  faculty  of  attention  keeps  out  awareness 
of  many  superfluous  stimuli.  In  ordinary  life  wre  are  less  alert 
and  less  aware  of  our  surroundings.  When  tired,  bored,  or 
slightly  poisoned  by  alchool,  we  are  suffering  from  a  partial 
loss  of  consciousness.  From  the  excited  state  of  great  efficiency 
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under  stress,  through  normal  work-a-day  moods,  to  states  of 
dullness,  coma  and  stupor,  there  is  a  continuous  series  of  states 
where  consciousness  is  less  and  less  active. 

Many  neurologists  and  surgeons  have  observed  that  le¬ 
sions  in  the  anterior  part  of  the  diencephalon  cause  coma; 
others  have  noted  that  manipulation  of  or  injury  to  the  walls 
of  the  third  ventricle  causes  sudden  loss  of  consciousness. 
Also,  there  is  evidence  that  the  short  lapses  of  consciousness 
seen  in  petit  mal  arise  in  the  diencephalon.  It  seems  probable 
that  the  coma,  so  conspicuously  arising  when  the  anterior 
brain  stem  is  disturbed,  is  not  to  be  explained  by  saying  “here 
is  the  location  of  the  center  of  consciousness,”  but  by  the 
anatomical  considerations  that  here  is  the  “neck  of  the  bottle” 
where  many  fibers  important  for  the  maintenance  of  the  con¬ 
scious  state  come  together  (fig.  13).  Lesions  either  in  the 
white  tracts  of  the  striatum  or  in  the  thalamic  or  periventricular 
gray  masses,  could  cut  off  the  cortico-thalamic  circuits.  Cer¬ 
tainly  more  work  is  needed  to  clarify  this  phenomenon;  in 
fact  we  are  only  at  a  first  approximation  in  our  concept  of 
consciousness. 


SLEEP 

Sleep  is  a  state  of  more  or  less  depressed  consciousness  in 
which  most  of  us  spend  about  a  third  of  our  lives.  Yet  re¬ 
markably  little  is  known  about  the  physiology  of  sleep. 
The  electroencephalogram  has  shown  that  great  variations  take 
place  in  the  cortical  potentials  as  drowsiness  sets  in,  and  that 
the  different  levels  of  the  depth  of  sleep  may  be  recognized  by 
characteristic  brain-waves.  Thus  sleep  is  a  function  associated 
with  the  cerebral  cortex.  Only  in  deep  sleep  is  the  cortex 
inactive,  as  judged  by  the  electroencephalograph.  There  are 
different  degrees  of  consciousness  in  sleep.  Persons  lightly 
asleep  can  differentiate  between  ordinary  noises  and  sounds 
that  may  mean  danger.  Dreaming  is  a  form  of  consciousness. 
A  sense  of  time  may  be  carried  through  hours  of  sleep,  allow¬ 
ing  one  to  wake  at  a  desired  hour. 
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Although  little  is  known  about  the  mechanism  of  sleep,  one 
can  make  certain  statements  about  it.  The  best  recent  dis¬ 
cussion  of  the  subject  is  found  in  the  papers  by  Hess  and 
Bremer  (3).  Hess  believes  that  stimulation  of  a  center  deep 
in  the  thalamus  can  cause  sleep.  It  is  therefore  an  active 
function,  not  a  negative  state  caused  by  the  cessation  of  af¬ 
ferent  stimuli.  Bremer  admits  the  importance  of  the  activat¬ 
ing  centre  in  the  brain-stem  and  the  “sleep  center”  which  is  its 
antagonist,  for  the  maintenance  of  the  various  states  of  wake¬ 
fulness  and  sleep.  He  adds,  however,  that  stimuli  arising  in 
the  cortex  also  affect  the  centers  in  the  brainstem  and  cause 
increased  wakefulness.  Moreover,  he  believes  that  the  process 
of  falling  asleep  may  be  explained  without  recourse  to  the 
hypothesis  of  a  sleep  center;  in  his  theory  the  reduction  of  the 
sensory  influx,  both  proprioceptive  and  exteroceptive,  is  of 
great  importance;  in  addition  there  is  a  cumulative  de-activa¬ 
tion  of  cerebral  neurones  because  of  synaptic  fatigue.  Sleep  is 
closely  associated  with  the  cerebral  cortex.  Only  those  verte¬ 
brates  possessed  of  a  fairly  well  developed  cortex  show  the 
phenomenon  of  deep  sleep,  and  those  with  the  larger  hemi¬ 
spheres  seem  to  need  more  sleep.  Birds  and  reptiles  have  only 
a  rudimentary  cortex  and  sleep  little.  Fishes  have  no  cortex 
and  probably  never  sleep. 

CLINICAL  UNCONSCIOUSNESS 

To  the  mass  of  English  speaking  people,  unsophisticated  in 
psychology,  the  word  “unconsciousness”  brings  up  a  picture 
of  the  “K.O.”,  the  complete  “blackout.”  That  is  why  such 
terms  as  “unconscious  conflicts”  and  “unconscious  motiva¬ 
tion”  seem  patently  absurd  to  so  many  people.  “How,”  they 
ask,  “can  two  things  be  in  conflict  if  one  of  them  is  out?” 
(i.e.  unconscious) .  Literally  they  are  correct.  They  do  not 
realize  that  Freud’s  “Unbewust”  means  something  with  the 
connotation  of  “unbeknown”  or  “forgotten”  rather  than  the 
usual  translation,  “unconscious.”  Of  course,  in  order  to  affect 
one’s  behavior  a  repressed  wish  must  reach  one’s  mind.  (For 
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definition,  see  page  127.)  It  would  then  be  considered  partly 
conscious.  In  fact  it  is  not  a  matter  of  ideas  being  “conscious” 
or  “unconscious”  but  of  being  more  or  less  conscious:  the  more 
repressed,  the  less  “conscious.”  To  put  it  figuratively  these 
repressed  wishes  lurk  in  the  penumbra  of  awareness  and  are 
unavailable  to  the  person.  He  could  not  call  them  up  to 
consciousness,  even  if  he  knew  they  were  there,  because  of  the 
repressive  mechanism.  They  exert  their  greatest  influence  on 
the  person  when  he  is  less  aware,  as  in  sleep  or  in  emotional 
states.  They  have  less  influence  when  the  person  is  alert  and 
behaving  more  logically. 

Among  higher  mammals  more  or  less  loss  of  consciousness 
follows  a  severe  blow  to  the  head.  A  widespread  rather  than 
a  focal  disturbance  is  thus  caused  in  the  brain.  The  or¬ 
ganism  ceases  to  be  aware  of  its  surroundings,  but  the  lower 
nerve  centers  go  on  functioning  without  the  control  of  those 
at  higher  levels.  There  are  various  explanations  of  this  un¬ 
consciousness  from  concussion.  It  is  naively  explained  by 
some  as  a  dislocation  of  the  neurons  and  breaking  apart  of  the 
synapses.  Others  believe  that  the  concussion  makes  a  wave 
through  the  fluids  of  the  brain,  ventricles  and  arachnoid  space. 
Electroencephalographic  experiments  (9)  show  that  the  con¬ 
cussed  brain  gives  off  a  sudden  and  great  discharge  of  electrical 
potentials.  This  short  period  of  excitation  (while  one  is  “seeing 
stars”)  is  followed  by  a  period  of  cortical  quiescence  with  un¬ 
consciousness  and  abnormal  electroencephalogram.  It  is  pos¬ 
sible  that  the  electrical  discharge  causes  the  loss  of  conscious¬ 
ness.  If  there  is  only  concussion,  with  no  contusion  of  the 
brain,  the  episode  is  usually  brief  and  harmless. 

Attacks  of  “unconsciousness”  may  come  on  without  trauma, 
as  in  syncope  or  fainting.  The  commonest  type  of  the  vaso¬ 
vagal  attack  is  due  to  anemia  of  the  brain.  The  attack  may 
occur  after  prolonged  standing,  especially  in  people  with  slack 
muscles  in  whom  there  is  failure  of  return  of  adequate  venous 
blood  from  the  muscles  to  the  right  heart;  or  the  attack  may  be 
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due  to  sudden  reflex  stimulation.  The  stimuli  causing  such 
attacks  of  unconsciousness  may  be  varied.  Fainting  due  to 
emotional  shock  is  probably  caused  by  an  acute  dilatation  of 
the  large  vessels  in  the  abdomen;  the  blood  from  the  rest  of 
the  body  is  pooled  there  at  the  expense  of  the  skin  and  brain. 
Fainting  may  also  follow  pressure  on  the  carotid  sinus,  another 
reflex  mechanism  that  causes  rapid  fall  of  blood  pressure. 
Pooling  of  the  blood  may  take  place  not  only  in  the  splanchnic 
vessels  but  in  the  skin,  for  example,  fainting  in  a  hot  bath  from 
too  great  vasodilatation  of  the  skin.  Also  when  large  body 
cavities  are  emptied  too  rapidly  there  may  be  syncope;  for 
example,  fainting  after  emptying  an  extremely  full  bladder,  or 
after  the  operative  removal  of  fluid  from  the  abdominal  or  the 
pleural  cavity.  Persons  who  have  been  lying  in  bed  for  some 
time  and  have  relaxed  muscles  may  faint  on  standing  up  too 
suddenly.  This  is  especially  common  in  old  people  who,  be¬ 
sides  slack  muscles,  have  arteriosclerosis.  Some  attacks  of  un¬ 
consciousness  may  be  explained  as  the  result  of  anemia  due  to 
spasm  of  the  vessels  of  the  brain  (see  Chapter  VII). 

In  discussing  unconsciousness  one  must  think  not  only  of 
the  hemodynamics,  but  also  of  the  blood  chemistry.  For  in¬ 
stance,  if  the  hemoglobin  content  drops  to  30  percent  of  normal, 
unconsciousness  may  occur  from  the  very  slightest  drain  on 
the  reserve  circulation.  Other  factors  that  may  affect  the 
oxygen  content  of  blood  are  the  breathing  of  gases  like  carbon 
monoxide  or  the  rapid  transfer  of  the  individual  from  low  to 
high  altitudes,  where  the  oxygen  pressure  is  not  high  enough 
to  oxygenate  adequately  the  erythrocytes  as  they  pass  through 
the  lungs. 

Another  type  of  unconscious  attack  is  only  explainable  on  a 
neurogenic  basis.  Certain  patients  become  instantly  uncon¬ 
scious  when  the  carotid  sinus  is  stimulated,  but  without  fall 
in  blood  pressure.  Sudden  loss  of  consciousness  is  known  to 
follow  manipulations  at  operation  of  the  gray  nuclei  around 
the  third  ventricle  (7).  Many  epileptics  lose  consciousness 
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suddenly  before  any  change  in  blood  circulation  can  be  ob¬ 
served;  many  have  brief  lapses  of  consciousness  without  any 
obvious  circulatory  or  motor  concomitants.  All  show  change 
in  the  electrical  potentials  of  the  brain. 

From  clinical  and  electroencephalographic  studies  of  epileptic 
seizures  it  seems  that  loss  of  consciousness  comes  on  when  the 
epileptic  discharge  has  overrun  a  large  area  of  cortex;  it  does 
not  seem  to  be  a  matter  of  what  area  of  cortex  is  affected,  but 
of  how  much  area.  The  patient’s  description  of  the  sympto¬ 
matic  spread  of  the  attack  is  often  quite  convincing  (see  Chap¬ 
ter  XI).  Other  sorts  of  attacks,  however,  seem  to  have  their 
origin  in  the  diencephalon  and  cause  short  lapses  of  conscious¬ 
ness  without  much  other  symptomatology,  and  with  discrete 
and  brief  changes  in  the  brain-waves  (7).  It  is  possible  that 
consciousness  is  lost  because  abnormal  cortical  discharges 
spread  to  this  subcortical  area,  spoken  of  above  as  the  neck  of 
the  bottle.  These  cells  of  the  brain  stem  are  necessary  for  the 
maintenance  of  consciousness,  but  they  do  not  represent  the 
“center  of  consciousness,”  because,  as  emphasized  above,  con¬ 
sciousness  is  a  variable  function  and  represented  at  many  levels. 
Essentially  it  seems  to  be  the  awareness  of  that  part  of  the 
stream  of  afferent  impulses  that  reaches  the  most  complex 
level  of  nervous  integration  of  a  given  organism. 

ASSOCIATION,  KNOWING  AND  SYMBOLIZATION 

For  over  a  century  it  has  been  taught  that  the  associative 
part  of  the  cerebral  cortex  carries  out  the  “intellectual  func¬ 
tions”  with  such  faculties  as  initiative,  planning,  reasoning, 
attention,  and  the  building  up  of  emotions  and  sentiments. 
The  learning  process  is  basic  in  the  development  of  all  these 
faculties.  Evidence  as  to  where  these  functions  are  localized 
is,  however,  lacking,  probably  because  they  are  diffusely  repre¬ 
sented  over  the  associative  areas  of  the  cortex.  These  are  the 
more  recently  developed  parts  phylogenetically  speaking — 
those  areas  that  are  blank  at  birth,  and  upon  which  life  ex- 
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perience  writes  the  engrams  of  each  individual  in  a  different 
way. 

Doubt  has  been  thrown  on  the  theory  that  learning  is  physio¬ 
logically  based  on  associative  or  long-circuiting  mechanisms  in 
the  cortex  by  experiments  on  animals  in  which  association 
fibers  were  cut  and  operations  in  man  at  which  the  corpus 
callosum  was  sectioned.  Smith  (10)  believes  that  available 
experimental  results  suggest  that  the  cortex  is  not  essentially 
an  organ  for  association  of  received  and  remembered  perceptions, 
but  is  primarily  a  “reaction  system  and  that,  physiologically 
learning  consists  of  alterations  within  components  of  this 
reaction  system.”  Although  this  is  rather  vague  it  indicates 
that  modern  thinking  concerning  the  function  of  the  cerebral 
cortex  is  getting  away  from  the  idea  of  memories  locally 
stored,  by  means  of  the  reservation  of  individual  synapses 
for  special  associative  reactions,  and  is  approaching  a  theory 
of  neurons  which  react  in  certain  combinations,  perhaps 
in  patterns  of  reverberating  circuits.  This  is  excellently  dis¬ 
cussed  by  Lashley  (11)  in  his  paper  “In  Search  for  the  Engram” 
in  which  he  shows  by  analysis  of  his  experiments  on  animals 
that  the  neural  mechanism  of  habit  formation  is  explainable 
only  by  relations  among  components  which  have  no  constant 
anatomical  position.  He  adds  that  the  so-called  associative 
areas  are  not  storehouses  for  specific  memories  but  seem  to  be 
concerned  with  modes  of  organization.  (See  discussion  of 
memory,  page  261  and  mind,  page  127). 

More  is  known  about  the  localization  of  three  somewhat 
simpler  psychological  entities — knowing,  muscular  skill  and 
verbal  symbolization.  This  has  been  largely  learned  by  study¬ 
ing  the  lack  of  these  faculties  in  man:  agnosia,  apraxia  and 
aphasia.  Quite  definite  lesions  give  certain  types  of  aphasia, 
and,  complex  as  they  are,  neurologists  are  beginning  to  under¬ 
stand  the  anatomical  connections  back  of  these  three  (see 
page  104).  They  form  the  transition,  as  it  were,  between  the 
well  understood  mechanism  for  sensation  and  locomotion,  and 
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the  intellectual  function.  Their  zone  is  the  no-man’s-land 
where  psychology  and  neurology  meet.  Looking  at  figure  13 
and  comparing  it  with  the  integrations  shown  in  figures  2  and 
8,  it  is  fairly  obvious  that  there  is  more  knowledge  about  the 
spinal  and  brain  stem  levels,  because  they  are  easier  to  study 
by  our  present-day  methods.  It  seems  illogical,  however,  to 
suppose  that  just  because  the  cortical  level  has  a  more  complex 
mechanism,  it  differs  in  essential  quality.  Certainly  the 
neurons  and  their  connections  differ  in  quantity.  But  “psy¬ 
chological  or  neurological,”  “mind  or  body,”  “mental  or 
physical”  are  different  approaches  to  one  subject  rather  than 
different  categories. 

CONCERNING  DICHOTOMIES 

Nowadays  there  is  a  widely  and  complacently  accepted  idea 
that  all  diseases  can  be  divided  into  two  categories  and  classified 
as  either  “functional”  or  “organic.”  Most  physicians  and 
even  many  psychiatrists  still  cling  to  these  misleading  terms. 
It  is  extraordinarily  difficult  to  explain  to  a  man  trained  in  the 
school  of  pathological  anatomy  that  his  criterion  for  calling 
one  disease  organic  and  another  functional  is  entirely  artificial, 
that  the  deciding  factor  is  the  instrument  he  happens  to  use  to 
record  the  abnormality  of  the  organ  under  observation.  At 
present  the  instrument  most  relied  upon  is  a  microscope  with 
a  limit  of  magnification  of  about  twelve  hundred  diameters. 
The  electron  microscope  is  changing  all  this ;  abnormality  may 
be  seen  where  none  was  previously  visible.  And  diseases  for¬ 
merly  said  to  “have  no  pathology”  (and  hence  called  “func¬ 
tional”)  may  be  found  to  have  microscopic  variations  from  the 
normal  and  will  be  accepted  as  “organic.”  Such  phrases  are 
nothing  but  medical  slang  and  keep  one  from  thinking.  Jelliffe 
(12)  expresses  this  well  where  he  says,  “I  talk  of  ‘reversible 
and  irreversible’  organic  changes,  never  of  ‘organic’  changes. 
Organic  changes  are  always  taking  place  in  all  functioning 
organs.  Any  one  should  know  that ;  whether  within  the  physio- 
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logical  range  and  whether  reversible  or  not  is  the  important 
consideration.” 

But  why  confine  ourselves  to  the  microscope?  Certainly 
there  are  other  ways  of  recording  abnormality  of  the  human 
organism  besides  visual  observation  of  fixed  and  sectioned 
tissue.  For  example,  the  spectroscope  may  show  that  a  certain 
type  of  sugar  is  found  in  the  urine  of  an  athlete  before  a  con¬ 
test.  This  is  an  observation  which  may  be  recorded  photo¬ 
graphically;  it  is  a  phenomenon  which  can  be  shown  to  occur 
regularly;  by  chemical  methods  the  sugar  may  be  estimated 
quantitatively.  Some  histopathologists,  nevertheless,  will 
strenuously  maintain  that  there  is  no  “organic”  pathology  in 
this  anxious  athlete,  and  that  the  disease  is  “merely  functional.” 
What  the  histopathologist  means,  if  he  would  speak  accurately, 
is  that  after  an  autopsy  on  this  athlete  no  lesion  would  be 
visible  in  stained  sections  of  tissues,  with  a  microscope  of  the 
type  used  in  the  year  1957. 

To  attack  the  subject  from  another  angle  one  has  only  to 
consider  the  numerous  diseases  where  chronic  disturbance 
leads  to  lesion  (13).  For  example,  the  evidence  is  impressive 
that  in  certain  patients  prolonged  worry  leads  to  gastric  hyper¬ 
motility,  hyperemia,  hyperacidity  and  eventually  to  gastric 
ulcer.  It  is  known  that  sudden  fright  may  precipitate  Graves’ 
disease,  with  exophthalmos,  enlarged  thyroid  gland,  and  in¬ 
creased  basal  metabolic  rate.  The  repeated  attacks  of  vaso¬ 
constriction  in  Raynaud’s  disease  may  lead  to  ulcerations.  In 
other  words,  abnormalities  of  function  (the  “symptoms”  of 
disease)  may  lead  to  visible  changes  in  tissue  which  we  call 
lesions.  The  old  idea  that  all  symptoms  are  caused  by  lesions 
is  inadequate,  and  led  to  the  confusing  concept  of  “functional” 
symptoms.  With  the  recent  advances  in  the  understanding  of 
energy  and  matter,  the  dichotomy  “structure  vs.  function” 
disappears  and  the  unity  of  the  functioning  organism  becomes 
more  understandable. 

It  is  apparent  that  the  dichotomies  “mental  or  physical,” 
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“functional  or  organic”  are  inexact  and  misleading.  The  knee 
jerk  is  called  a  “physical”  reaction,  but  the  more  complex 
phenomena  of  the  nervous  system,  such  as  memory,  are  called 
“mental.”  This  is  an  illogical  procedure,  unless  it  be  realized 
that  there  is  a  perfectly  continuous  series  of  more  and  more 
highly  integrated  responses  between  these  two  functions  of 
the  nervous  tissue,  and  that  the  line  between  “physical”  and 
“mental”  is  entirely  arbitrary.  Psychological  phenomena 
such  as  thinking,  wishing  and  dreaming  are  just  as  much  func¬ 
tions  of  the  organism  as  are  breathing,  running  and  digesting. 
They  are  merely  more  complex  and  less  understood.  Unless 
supernatural  phenomena  are  accepted  there  can  be  no  question 
of  functions  of  man  other  than  “organic”  ones.  It  is  important 
not  to  let  mythological  values  creep  into  our  thinking,  as 
apparently  one  does  when  he  speaks  of  the  “interrelationship 
of  mind  and  body”  or  talks  of  a  “purely  functional”  symp¬ 
tom  . 

The  term  “functional”  is  frequently  misused  to  mean  “psy¬ 
chogenic.”  This  is  a  barbarism  of  the  clinic,  but  has  become 
almost  rout  ine  out-patient  department  slang.  “Functional”  is 
a  useful  word  in  physiology  and  architecture.  It  should  not 
be  spoiled  by  other  and  less  acceptable  usages.  “Organic”  is 
used  in  a  hazy  way  to  mean  that  since  the  “organs”  are  in¬ 
volved  there  is  something  “really  wrong.”  More  specifically 
the  users  of  “organic”  usually  mean  in  psychiatry  that  there  is 
a  lesion  of  tho  brain.  (“Lesion”  being  a  visible  abnormality.) 
If  they  mean  this,  why  not  say  definitely  ivhat  organ  is  meant 
and  speak  of  “cerebral  lesions”? 

1  would  like  to  make  three  assumptions,  which  I  believe  can 
be  upheld  by  scientific  data  in  1957: 

1.  No  biological  process  goes  on  without  change  of  struc¬ 
ture; 

2.  Whonever  the  brain  functions  there  is  organic  change; 

3.  The  brain  is  the  organ  of  mind. 

If  we  accept  those  three  wo  must  admit  that  “organic”  change 
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takes  place  whenever  a  person  has  a  thought.  This  is  an 
important  function  of  the  brain.  All  function  is  organic,  so 
the  slang  use  of  the  terms  “organic”  or  “functional”  is  mean¬ 
ingless.  The  same  argument  can  be  repeated,  substituting  the 
terms  “physical”  and  “mental.” 

It  may  seem  pedantic  to  expatiate  upon  the  impossibility  of 
drawing  a  line  between  "organic”  and  “functional”,  but  experi¬ 
ence  shows  that  it  is  necessary  to  emphasize  that  no  such  line 
can  logically  be  drawn.  If  it  be  drawn  arbitrarily,  its  position 
is  ordained  by  the  point  to  which  technology  has  advanced  in 
that  year.  It  depends  on  what  kind  of  a  “scope,”  “graph,” 
or  “meter”  is  used  by  the  observer.  In  other  words,  the  line 
between  organic  and  functional  (and  between  physical  and 
mental)  is  an  artefact. 


MIND 

A  series  of  talks  on  “The  Physical  Basis  of  Mind”  have  been 
collected  in  a  little  volume  edited  by  Laslett  (14).  The  book 
is  provocative  and  full  of  meat.  The  philosophers  present 
opposed  views.  The  scientists  give  interesting  observations 
and  theories,  led  off  by  a  thoughtful  but  agnostic  introduction 
by  Sir  Charles  Sherrington.  Adrian  tells  “What  Happens 
When  One  Thinks”  in  terms  of  electrophysiology.  Slater  dis¬ 
cusses  “consciousness”  in  a  remarkably  clear  way,  emphasizing 
that  it  is  not  a  matter  of  being  conscious  or  unconscious,  but 
of  how  conscious  one  is.  Consciousness  is  best  conceived  of  as 
not  synonymous  with  mind,  but  as  an  attribute  of  mind,  one 
of  its  component  parts.  Memory  is  an  equally  important 
component.  Without  these  two  one  cannot  conceive  of  a 
mental  mechanism.  One  might  name  various  other  compo¬ 
nents  of  mind,  such  as  emotion  and  attention.  One  thinks  of 
attention  as  the  mechanism  that  decides  which  parts  of  the 
mass  of  sensory  data  shall  reach  what  levels  of  consciousness. 
Only  a  small  part,  if  any,  reaches  full  conscious  attention;  the 
others  remain  more  or  less  conscious.  Slater  points  out  the 
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verbal  difficulties  inherent  in  using  such  terms  as  “conscious¬ 
ness”  and  “mind.”  He  believes  that  “when  behaviour  reaches 
a  certain  degree  of  complexity  it  will  begin  to  have  a  conscious 
or  mental  aspect.” 

The  honey  bee  has  been  shown  by  Von  Frisch  (8)  to  have  a 
sign  language  that  involves  symbolism  and  abstraction.  The 
brain  of  the  bee  is  minute  as  compared  to  man.  One  is  per¬ 
suaded  that  it  is  not  mere  mass  of  neurons  and  connections, 
but  something  in  the  type  of  organization  that  is  more  im¬ 
portant  in  constructing  the  organ  of  mind. 

Russell  Brain  (14)  discussed  the  important  concept  of  patterns, 
saying:  “Not  only  are  there  twelve  thousand  million  nerve 
cells  out  of  which  the  patterns  can  be  made,  but  nervous 
patterns  exist  in  time,  like  a  melody,  as  well  as  in  space.  If 
you  look  at  a  tapestry  through  a  magnifying  glass  you  will 
see  the  individual  threads  but  not  the  pattern:  if  you  stand 
away  from  it  you  will  see  the  pattern  but  not  the  threads. 
My  guess  is  that  in  the  nervous  system  we  are  looking  at  the 
threads,  while  in  the  mind  we  perceive  the  patterns,  and  that 
one  day  we  shall  discover  how  the  patterns  are  made  of  the 
threads.”  Very  well  expressed!  But  not  even  twelve  thou¬ 
sand  million  nerve  cells  could  explain  a  man’s  thoughts.  Too 
many  of  these  nerve  cells  are  specialized,  their  functioning 
preempted  by  local  connections.  If  the  mechanisms  of 
memory,  habit  formation  and  conditioning  were  based  on  more 
or  less  permanent  synaptic  connections,  even  the  billions  of 
nerve  cells  available  would  not  be  adequate. 

Those  who  believe  that  each  memory  has  its  separate  neuron 
pathway,  anatomically  conceived,  would  be  thinking  of  memory 
as  one  conceives  of  the  graphology  of  ideographs.  A  sign  for 
every  thought  is  too  much  to  believe.  But  26  letters  arranged 
and  re-arranged  in  different  relationships  work  remarkably  well ! 

A  changing  dynamic  mechanism  seems  to  offer  the  only 
tenable  hypothesis.  It  is  the  integration  itself,  the  relationship 
of  one  functioning  part  to  another  which  is  mind  and  which 
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causes  the  -phenomenon  of  consciousness.  There  can  bo  no  center. 
There  is  no  one  seat  of  consciousness.  It  is  the  streaming  of 
impulses  in  a  complex  series  of  circuits  that  makes  mind  feasible. 
Many  of  these  circuits  pass  from  cortex  to  thalamus  and  brain 
stem  and  back.  Probably  these  are  the  circuits  most  important 
for  mental  functions,  but  because  it  is  the  working  together 
and  the  sequence  in  time  that  counts,  no  part  is  higher  or 
lower  than  the  others.  Some  arc  concerned  largely  with  alert¬ 
ness  and  awareness,  others  with  discrimination  and  choice. 

I  would  express  it  this  way:  the  brain  is  the  organ  of  mind; 
its  great  complexity  in  man  makes  his  thinking  possible,  but 
no  study  of  the  anatomy  and  physiology  of  one  brain  will 
ever  explain  mind.  Thinking  is  a  sequence  of  events,  de¬ 
pending  on  the  interplay  of  messages  from  one  part  of  the 
brain  to  another  in  response  to  external  stimuli,  including 
messages  from  other  brains.  In  other  words  mind  is  the  re¬ 
lationship.  Taking  the  analogy  of  thought  to  a  melody,  it  is 
obvious  that  no  amount  of  histological  study,  no  matter  how 
advanced,  could  show  in  a  brain  more  than  the  pattern  left  by 
one  note.  The  sequence  of  the  notes  in  time  makes  tho  melody. 
Ideas  are  such  sequences  (15). 

There  is  good  reason  to  believe  that  these  problems  can  be 
solved  more  simply  if  we  can  rid  ourselves  of  old  terms  and 
speak  in  the  new  language  of  the  behavioral  sciences.  Money 
(16)  suggests  that  we  define  mind  as  the  information  and  com¬ 
munication  function  of  the  human  organism.  He  believes  it 
would  help  understanding  to  stop  using  such  terms  as  mind 
and  body;  ego  would  be  a  better  term  for  the  function  under 
discussion. 
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Chapter  VII 


CEREBRAL  CIRCULATION1 

The  first  six  chapters  of  this  book  dealt  with  problems  of 
neurological  integration,  showing  how  the  various  cerebro¬ 
spinal  levels  were  coordinated,  and  how  the  autonomic  system 
joined  and  worked  with  the  cerebrospinal  system.  The  second 
great  coordinator  of  the  total  vertebrate  organism  is  the  blood- 
circulatory  system.  Blood  with  its  oxygen,  food  and  hormones 
must  reach  every  tissue.  The  brain,  like  every  other  organ,  is 
dependent  upon  blood  supply,  but  the  blood  supply  is  de¬ 
pendent  upon  a  normally  functioning  brain,  for  blood  flow  to 
the  various  organs  is  largely  regulated  by  the  vasomotor  cen¬ 
ters  of  the  brain.  Here  then,  is  an  intimate  and  reciprocal 
integration  between  the  two  great  integrators — -nerve  impulse 
and  blood  stream. 

The  circulatory  apparatus  of  every  organ  has  individual 
peculiarities,  but  that  of  the  brain  is  unlike  that  of  any  other 
organ.  The  main  arterial  supply,  coming  through  the  verte¬ 
bral  and  the  internal  carotid  arteries,  enters  the  circle  of  Willis 
and  thus  is  distributed  to  all  six  cerebral  trunks.  The  sharp 
bend  of  the  internal  carotid  about  the  body  of  the  sphenoid 
serves  to  moderate  slightly  the  more  violent  fluctuations  of 
pressure,  such  as  may  occur  in  aortic  disease  with  hypertension. 
The  circle  of  Willis  is  a  protective  mechanism  of  greatest  impor¬ 
tance,  insuring  cerebral  blood  supply  to  both  hemispheres  even 
if  one  carotid  artery  be  occluded;  moreover,  there  may  be 
anastomoses  between  the  branches  of  the  cerebral  arteries. 

1  For  a  thorough  review  of  work  up  to  1938  with  extensive  bibliography,  see 
The  Circulation  of  the  Brain  and  Spinal  Cord  (1)  and  reviews  by  Schmidt  (2), 
and  Van  der  Eccken  and  Adams  (3). 
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The  six  great  trunks  to  the  hemispheres  divide  into  branches 
that  supply  basal  ganglia,  choroid  plexus  and  to  a  certain  extent 
the  deep  white  matter.  Most  of  the  branches,  however,  soon 
reach  the  surface  of  the  cortex,  and  spread  out  in  the  pia- 
arachnoid.  These  send  innumerable  perforating  arterioles 
directly  downwards  into  the  cortex  (fig.  14)  and  subcortical 
white  matter  where  they  become  smaller  as  they  branch  until 
they  finally  enter  the  capillary  bed.  The  arterioles  and  capil¬ 
laries  have  a  rich  anastomosis  with  branches  from  other  arterial 
trunks;  they  meet  and  join  with  the  branches  of  the  scantier 
deep  arteries  which  come  up  through  the  white  matter  and 
basal  ganglia.  Blood  from  the  venous  limbs  of  the  capillaries 
then  flows  into  the  venules  and  drains  both  inwards  to  the 
great  vein  of  Galen  and  outwards  to  the  cortex,  to  be  collected 
by  the  surface  veins  and  emptied  into  the  dural  sinuses.  These 
sinuses  have  no  valves,  so  they  join  to  make  up  an  open 
system  of  blood  channels  emptying  outward  largely  through 
the  jugular  bulbs  to  the  jugular  veins  of  the  neck.  The  sinuses 
themselves  are  less  compressible  than  other  veins  because  of 
the  tough  structure  of  the  dura,  their  triangular  shape,  and 
the  guying  effect  of  the  dura  on  the  sinus  walls  tending  to 
keep  them  open  against  pressure. 

It  is  from  the  dynamic  standpoint  that  the  central  nervous 
system  has  most  claim  to  a  unique  vascular  system,  for  the 
brain  and  the  spinal  cord  are  contained  in  a  tough,  almost 
inelastic  sac,  the  dura  mater.  This  in  turn  lies  in  a  bony  case, 
the  craniovertebral  cavitjq  but  the  sinuses  and  epidural  veins 
are  somewhat  compressible  and  allow  for  slight  enlargement 
of  the  dural  sac  when  pressure  increases  within.  This  elastic¬ 
ity  keeps  the  system  from  being  in  a  true  “closed  box,”  but 
it  approaches  that  condition  more  closely  than  any  other 
part  of  the  body  except,  perhaps,  the  bone-marrow  and  the 
eyeball.  Changes  in  pressure  in  such  a  system,  especially 
changes  in  venous  pressure,  will  quickly  change  the  relative 
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volumes  of  the  arterial,  capillary  and  venous  blood,  as  well  as 
the  amount  of  intracellular  and  extracellular  fluid. 

There  are  no  end-arteries  in  the  human  brain.  This  has 
been  proved  by  the  study  of  injected  specimens  which  show 
that  the  capillary  bed  of  the  whole  cortex  is  an  endless  network, 
in  which  a  red  cell  might  start  in  the  olfactory  bulb  and  travel 
to  the  occipital  lobe.  Moreover  there  are  many  anastomoses 
between  the  arterioles  and  between  the  venules.  This  does 
not  mean  that  the  main  anatomical  divisions  of  the  brain  do 
not  receive  their  blood  supply  largely  from  one  artery;  they  do; 
but  there  is  much  overlapping  of  supply  at  the  edges  of  these 
regions.  For  example,  the  basal  ganglia  are  largely  sup¬ 
plied  by  short  branches  coming  off  from  the  larger  arteries 
near  the  circle  of  Willis,  but  some  blood  can  reach  them  from 
the  arteries  that  perforate  the  cortex,  especially  over  the  insula, 
and  from  the  arteries  in  the  white  matter. 

The  vessels  in  the  meninges  arc  commonly  joined  by  anas¬ 
tomosing  branches,  artery  to  artery  and  vein  to  vein,  but  rarely, 
if  ever,  artery  to  vein.  The  veins  that  drain  the  blood  from 
the  brain  are  less  regular  in  distribution  and  have  much  freer 
anastomoses  than  the  arteries.  For  example,  the  blood  from 
the  convexity  of  the  frontal  and  parietal  lobes  has  a  choice  of 
going  forwards  to  the  cavernous  sinus,  upwards  by  way  of  the 
superior  cerebral  veins  to  the  sagittal  sinus,  or  downwards  and 
backwards  by  the  posterior  anastomotic  veins  to  the  lateral 
sinus. 

The  cerebral  veins  can  be  roughly  divided  into  two  systems, 
the  surface  veins  over  the  cerebral  hemisphere,  flowing  into 
the  sinuses,  and  the  deep  veins  from  ventricle,  choroid  plexus 
and  basal  ganglia  that  empty  into  the  veins  of  Galen  and 
thence  to  the  straight  sinus.  Owing  to  the  great  anastomosis 
among  these  veins,  several  of  them  may  be  blocked  without 
causing  stasis  enough  to  bring  about  anoxemia  of  the  tissue 
and  resulting  necrosis.  In  spite  of  a  rich  anastomosis  extensive 
venous  thrombosis  over  the  cerebral  cortex  may  cause  enough 
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stasis  to  asphyxiate  large  areas  of  tissue  with  resultant  soften¬ 
ing.  Such  infarction,  caused  by  venous  obstruction,  may  be 
found  in  subdural  empyema,  meningitis  and  postoperative  or 
postpartum  phlebitis. 


INFARCTION 

While  the  question  of  the  effect  of  vascular  spasm  in  the 
brain  remains  unsolved,  the  effects  of  actual  obstruction  are  to 
a  great  extent  definitely  recognizable;  such  lesions  cause  a 
number  of  “diseases,”  many  of  them  heretofore  considered 
“idiopathic”  or  mysterious.  Hemorrhagic  necrosis,  encephalo- 
malacia,  hypertensive  encephalopathy  and  some  types  of  peri¬ 
vascular  hemorrhage  are  probably  varying  degrees  of  infarction. 
A  distinction  may  be  made  between  ischemic  and  hemorrhagic 
infarction.  The  former  is  usually  the  result  of  a  locally  develop¬ 
ing  thrombosis;  the  involved  cortex  is  pale,  often  pinkish,  while 
the  white  matter  is  pale  and  soft.  Microscopic  examination 
may  show  a  few  extravasated  red  cells.  In  contrast  to  this  an 
embolus  suddenly  occluding  an  artery  makes  a  softened  area 
which  is  inundated  with  red  cells,  a  truly  hemorrhagic  infarct. 

The  endothelium  of  the  capillaries,  arterioles  and  venules  is 
very  vulnerable  to  anoxia,  so  stagnation  of  blood  in  them  with 
increased  carbon  dioxide  causes  dilatation  and  diapedesis  of  red 
corpuscles  into  the  surrounding  tissue.  The  dilatation  may 
open  anastomoses  with  nearby,  not  infarcted  areas.  This 
causes  a  reflux  of  blood  into  the  injured  vessels,  leading  to 
intense  congestion  and  petechial  or  even  frank  hemorrhages. 
The  degree  of  congestion  and  hemorrhage  depends  on  the  size 
and  number  of  effective  anastomoses.  Fisher  and  Adams  (4) 
pointed  out  that  the  movement  onwards  of  an  embolus  when 
an  obstructed  vessel  dilates  will  open  up  new  blood  supply  to  a 
previously  infarcted  area  and  have  the  same  hemorrhagic  re¬ 
sult.  Indeed  the  hemorrhages  are  likely  to  be  more  severe 
because  the  blood  comes  into  the  recently  infarcted  area 
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through  the  former  arterial  supply  and  at  a  relatively  high 
pressure. 

Infarcts  result  from  venous  occlusion  for  exactly  the  same 
reasons.  The  mechanism  of  anoxia  and  reflux  of  blood  is  the 
same.  But  in  most  cases  venous  occlusion  only  results  in 
relative  stasis  with  a  moderate  degree  of  anoxia  because  of  the 
rich  venous  anastomoses.  This  may  cause  a  slow,  progressive 
degeneration  of  myelin  and  nerve  cells  over  months.  The  only 
evidence  at  autopsy  may  be  diffuse  pallor  of  the  myelin  in 
Weigert  sections. 

Distinctions  can  be  made,  although  of  degree,  between  the 
pink  cortex  of  anoxic  congestion,  ischemic  infarction,  hemor¬ 
rhagic  infarction  and  frank  hemorrhages  resulting  from  reflux  of 
blood  into  anoxic  areas  of  cerebral  tissue.  The  margins  of  an 
infarcted  area  may  be  hemorrhagic  and  its  central  part  pink  or 
even  white.  In  cases  of  recent  internal  carotid  thrombosis, 
the  whole  hemisphere  on  the  side  of  the  thrombus  may  be 
pinker  than  the  other  hemisphere  and  without  hemorrhage. 
This  is  because  of  the  extensive  acute  congestion  of  the  gray 
cortex.  In  the  white  matter,  because  of  the  lesser  degree  of 
capillary  anastomosis,  the  marked  congestion  and  red  infarction 
rarely,  if  ever,  occur. 

From  the  functional  standpoint  it  has  been  determined  by 
experiment  on  animals  and  observations  on  man  that  nerve 
cells  of  the  cerebral  cortex  will  stand  about  three  minutes  of 
complete  anoxia  before  irreparable  damage  is  done  (5).  The 
large  Betz  cells  can  withstand  somewhat  more.  The  large 
nerve  cells  of  the  spinal  cord  can  stand  fifteen  minutes  of  anoxia. 
In  the  brain  stem  and  cerebellum  the  time  is  somewhere  be¬ 
tween  these  two.  The  cells  of  the  dorsal  root  ganglia  are  the 
most  resistant  of  all.  In  an  autopsy,  for  example,  on  a  patient 
whose  heart  had  stopped  beating  for  ten  minutes,  but  who  had 
been  revived  and  lived  on  for  a  few  days  in  decerebrate  coma, 
one  will  find  a  gradually  increasing  degree  of  damage  to  nerve 
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cells  as  one  progresses  up  the  brain  stem,  via  the  basal  ganglia 
to  the  cortex. 


THE  CAPILLARY  BED 

The  number  of  capillaries  in  a  given  region  of  the  brain  is 
roughly  proportional  to  the  oxygen  consumption  of  that  part. 
White  matter  has  from  200  to  300  mm.  of  capillary  length  per 
cubic  millimeter  of  brain  substance,  while  gray  matter  has 
from  600  to  1000  mm.  Injection  preparations  show  the  rela¬ 
tive  difference  in  the  capillary  supply  of  nuclei,  cortex  and  white 
matter  so  conspicuously  that  one  does  not  need  quantitative 
estimates  to  be  convinced.  The  most  vascular  parts  of  the 
gray  are  the  paraventricular  and  supraoptic  nuclei.  It  is  of 
interest  that  these  are  ganglia  the  functions  of  which  are  gen¬ 
erally  supposed  to  be  metabolic  and  related  to  the  autonomic 
nervous  system.  Even  the  most  vascular  parts  of  the  brain, 
however,  have  only  about  one-fifth  as  rich  a  capillary  bed  as 
skeletal  muscle. 

Wolff  (1)  has  shown  that  capillary  density  is  not  merely  cor¬ 
related  with  the  number  of  nerve  cells  in  a  given  region,  but 
with  the  surface  area  of  these  nerve  cells.  In  other  words 
nerve  cells  with  few  dendrites  and  therefore  few  synapses, 
will  have  less  capillary  network  around  them  than  those  nerve 
cells  with  many  dendrites.  Gerard  (1)  has  attempted  to 
correlate  the  number  of  blood  vessels  in  a  given  part  of  the 
brain  with  the  local  metabolic  activity.  From  the  various 
measurements  of  the  anatomists  he  chooses  the  highest  es¬ 
timate  for  cats  and  figures  that  in  gray  matter  seven  per  cent 
of  the  volume  is  capillary  lumen.  Weil  had  estimated  that 
eight  per  cent  of  the  volume  of  the  dog’s  brain  is  blood.  Know¬ 
ing  approximately  the  rate  of  blood  flow  and  the  metabolic 
rate,  the  oxygen  abstracted  from  the  blood  in  its  passage 
through  the  brain  can  be  estimated  at  from  five  to  six  volumes 
per  cent.  The  actual  value  obtained  by  experiment  in  humans 
is  about  five  volumes  per  cent.  Rabat  (6)  and  his  associates 
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have  extended  this  work  to  human  subjects  and  find  figures 
compatible  with  the  animal  experiments.  The  average  human 
brain  uses  1.5  c.c.  of  oxygen  per  second.  The  blood  flow 
through  the  brain,  according  to  Kabat  is  about  100  c.c.  per 
100  grams  of  brain  weight  per  minute.  Kety  and  Schmidt  (7) 
by  another  method  put  it  at  about  60  c.c.  and,  most  recently, 
Gibbs  (8)  by  a  more  direct  method,  gets  about  44  c.c.  By 
comparing  all  the  data  it  seems  probable  that  in  a  brain  weigh¬ 
ing  1400  grams,  the  blood  flow  is  about  700  c.c.  per  minute. 
This  is  nearly  one  quarter  of  the  output  of  the  left  ventricle  of 
the  heart  per  minute,  when  the  body  is  at  rest.  This  seems 
like  a  relatively  enormous  blood  supply  to  an  organ  that  only 
represents  about  one  fiftieth  of  the  body  weight.  But  it  must 
be  remembered  that  the  brain  is  never  at  rest,  and  needs  a 
steady  blood  supply,  while  the  needs  of  the  rest  of  the  body 
vary  greatly  between  states  of  activity  and  rest. 

HISTOLOGY  OF  THE  CEREBRAL  VESSELS 

From  the  histological  standpoint  the  cerebral  vessels  are 
somewhat  different  from  those  in  other  parts  of  the  body. 
All  of  the  arteries  have  a  thick  lamina  elastica  interna;  in 
the  larger  arteries  this  is  usually  double  or  multiple.  Beneath 
the  elastic  layer  is  a  weakly  staining  interstitial  substance. 
The  arteries  of  the  brain  have  a  conspicuous  internal,  but  weak 
external  elastic  layer.  Splitting  up  of  the  elastica  begins  in 
childhood,  at  first  only  in  the  larger  arteries.  As  age  advances 
it  increases  gradually  and  begins  to  be  found  in  the  smaller 
arteries.  In  old  age  the  splitting  up  of  the  lamina  elastica 
becomes  very  conspicuous. 

By  making  special  stains  of  the  blood  cells  and  of  the  vessel 
walls,  and  by  comparing  such  preparations  with  injected  speci¬ 
mens,  Campbell  (1)  has  shown  that  arteries  can  be  recognized 
from  veins  by  certain  morphological  characteristics :  the  arterial 
tree  is  more  like  an  elm,  with  long  branches  leaving  the  trunk 
at  narrow,  graceful  angles;  the  venous  tree  is  more  stocky  and 
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angular,  like  an  oak,  the  branches  being  more  at  right  angles 
to  the  trunk. 

Since  Virchow  first  described  the  perivascular  spaces  in  the 
brain  there  has  been  much  controversy  as  to  their  exact  ana¬ 
tomical  relationships,  but  at  present  there  is  practical  agree¬ 
ment  at  least  as  to  the  spaces  about  the  larger  vessels  in  the 
brain  and  cord.  Lying  between  the  elastica  externa  and  the 
membrana  limitans  gliae  is  a  space  more  or  less  filled  with 
fluid.  On  both  sides  it  is  lined  with  flattened  connective 
tissue  cells  which  may  have  a:  quadrilateral  or  hexagonal  shape 
and  are  therefore  called  endothelial.  On  the  vessel  side  this 
endothelium  lies  over  a  fairly  thick  felt  work  of  connective 
tissues,  the  adventitia  of  the  vessel  wall;  on  the  side  toward  the 
parenchyma  of  the  brain  the  Hat  endothelial  cells  with  a  thin 
layer  of  connective  tissue  lie  closely  approximated  to  the  mem¬ 
brana  limitans  gliae.  This  is  a  definite  wall  made  up  of  the 
expanded  ends  of  processes  of  macroglia  cells  (“sucker-feet”). 
It  is  a  barrier  between  perivascular  space  and  brain  paren¬ 
chyma  and  is  called  the  “pia-glia  membrane.”  It  not  only 
covers  the  surface  of  the  brain,  but  also  the  blood  vessels  that 
enter  and  leave  the  subarachnoid  space. 

Two  other  spaces  have  been  described  about  blood  vessels 
in  the  central  nervous  system.  One  is  the  space  of  His  wliich 
may  be  seen  between  the  outer  wall  of  the  perivascular  space 
and  the  membrana  limitans  gliae.  In  other  words,  it  is  a  cleft 
in  the  pia-glia  membrane  between  pia  and  glia.  Occasionally 
pathological  processes  may  cause  this  cleft  to  open  and  become 
distended  with  fluid  or  cells,  but  it  is  usually  an  artefact  due 
to  shrinkage  of  tissue.  The  third  space  described  is  that  of 
Held,  the  glia  space  outside  the  membrana  limitans  gliae.  It 
is  not  a  wide  open  clear  space  like  the  other  two,  but  merely 
an  area  in  the  parenchyma  of  the  brain  where  the  astrocytes 
with  their  big  processes  to  the  glia  wall  make  the  tissues  into 
a  lace-work  of  trabeculae  leaving  interstitial  spaces  which  are 
easily  distended  with  hemorrhage,  exudate  or  fluid. 
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The  perivascular  space  enfolds  large  and  small  arteries  and 
veins  within  the  nervous  tissue,  but  a  well-defined  space  is  not 
discernible  about  the  capillaries.  The  adventitia  about  such 
small  vessels  is  reduced  to  a  few  mesenchymal  cells  with  fibrous 
processes,  and  the  glia  wall  has  become  a  matter  of  glia  cells 
sending  processes  to  meet  this  loose  adventitial  structure. 
Capillaries  run  close  to  nerve  cells  where  there  is  a  perineuronal 
space  which  often  appears  to  join  the  pericapillary  space.  Thus 
there  appears  to  be  a  mechanism  for  exchange  of  fluid  between 
capillary  and  nerve  cell.  The  fluid  in  these  pericellular  and 
pericapillary  spaces  can  apparently  make  its  way  to  the  peri¬ 
vascular  spaces  of  the  veins  and  arteries,  and  there  be  contained 
between  well-organized  endothelial  walls.  The  transition, 
however,  is  a  gradual  one  from  the  ill-defined  intercellular 
fluid  spaces  about  capillaries  and  nerve  cells  to  the  clear-cut 
perivascular  spaces.  No  line  can  be  drawn  as  to  where  one 
begins  and  the  other  ends.  Probably  the  truest  conception  is 
that  nowhere  is  this  space  clear  and  wide,  everywhere  it  is  a 
variable  and  potential  space  with  many  arachnoidal  trabeculae. 
Fluid  moves  through  it,  but  meets  a  certain  amount  of  re¬ 
sistance,  like  water  flowing  through  heavy  swamp  vegetation, 
not  running  in  a  brook.  The  space  in  all  places  may  be  looked 
on  as  loosened  and  irrigated  adventitia,  with  more  and  more 
organized  boundaries  as  the  vessels  become  larger.  At  the 
point  where  the  surface  of  the  brain  is  reached,  and  the  vessel 
at  last  debouches  into  the  subarachnoid  space,  a  heavy  pial 
layer  of  connective  tissue  has  to  be  pierced.  This  makes 
around  the  mouth  of  the  vessel  a  strong  ring  which  resists 
dilatation  and  keeps  the  mouth  of  the  perivascular  space 
small  even  though  the  space  behind  may  be  dilated.  Since 
the  flow  of  fluid  is  downward  from  perineuronal  “swamp” 
to  perivascular  “stream”  and  thence  into  the  subarachnoid 
“lake”  along  both  veins  and  arteries,  subarachnoid  exudates 
are  not  likely  to  spread  up  into  the  perivascular  spaces.  There 
are  no  lymphatics  in  the  brain. 
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The  observations  of  Ehrlich  (9)  and  later  of  Goldman  (10) 
established  the  concept  of  a  “blood-brain-barrier”  which  ex¬ 
cluded  certain  dyestuffs,  administered  into  the  blood  stream, 
from  the  brain.  The  nature  of  the  barrier  and  its  precise 
anatomical  location  have  been  the  subject  of  much  discussion. 
Some  have  thought  that  the  endothelium  of  the  cerebral 
capillaries  possesses  this  unique  property,  while  others  have 
considered  perivascular  astrocytic  processes  and  fibers  to  be 
the  seat  of  the  barrier.  More  recently,  an  interstitial  “ground 
substance”,  consisting  of  a  mucoprotein  or  mucopolysaccharide 
which  permeates  the  intercellular  spaces  of  the  brain,  has  been 
described  as  a  possible  seat  of  the  barrier.  Attempts  to  extend 
a  similar  concept  to  exchanges  between  the  blood  and  the  brain 
of  isotopieally  labelled  water  and  ions  have  introduced  addi¬ 
tional  complexities.  For  example,  labelled  water  exchanges 
so  rapidly  between  the  blood  stream  and  the  brain  that  it 
reaches  equilibrium  within  seconds  after  its  injection.  Radio¬ 
active  sodium,  on  the  other  hand,  exchanges  with  interstitial 
sodium  in  the  brain  much  more  slowly  than  in  other  organs. 
Exchanges  of  potassium  and  phosphate  ions  between  blood  and 
brain  are  remarkably  slow,  for  equilibration  must  occur  not 
only  across  the  vascular  boundary  (and  possibly  throughout  the 
“ground  substance”)  but  also  at  cell  boundaries,  for  these  ions 
are  chiefly  intracellular  in  location.  Metabolic  processes  in 
the  neurons  and  glial  cells  may  play  an  important  part  in  this 
exchange  process  and  so  affect  the  rate  at  which  the  concentra¬ 
tion  of  the  intracellular  constituents  of  the  brain  reaches 
equilibrium  with  their  concentration  in  the  blood  stream. 

The  “blood-cerebrospinal  fluid  barrier”  and  the  “brain-cere¬ 
brospinal  fluid  barrier”  are  related  concepts  to  which  these 
remarks  also  apply.  Exchanges  across  the  cerebral  capil¬ 
laries,  (lie  capillaries  and  ependyma  of  the  choroid  plexus  and 
the  pia-glia  membrane  occur  at  various  rates  for  various 
substances.  Rates  of  exchange  are  extremely  slow  for  a 
number  of  harmful  complex  substances,  thus  providing  a  meas¬ 
ure  of  protection  for  the  brain  against  bacterial  toxins  and 
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other  poisons.  For  physiological  crystalloid  substances,  rates 
of  exchange  may  be  slow  or  fast,  but  are  always  measurable. 
They  depend  upon  metabolic  and  other  factors  too  complex  to 
be  described  in  terms  of  a  single  “blood-brain  barrier”  (11) 
(see  Figure  15,  pg.  153). 

VASOMOTOR  NERVES 

Nerve  fibers  both  myelinated  and  non-myelinated  are  found 
on  the  arteries  and  on  many  veins  of  the  sulci  and  meninges. 
When  the  vessels  plunge  into  the  cerebral  tissue  the  nerves  are 
fewer,  but  fibers  have  been  demonstrated  on  arterioles  of  25 
microns  in  diameter.  Both  arterioles  and  capillaries  are  in¬ 
nervated  in  the  pia,  but  intracerebrally  nerve  fibers  on  arterioles 
are  difficult  to  demonstrate  and  on  capillaries  their  presence  is 
doubtful.  The  function  of  these  nerve  fibers  is  twofold:  sen¬ 
sory  and  vasomotor.  Sensory  fibers  are  found  on  the  larger 
vessels,  especially  the  arteries  in  the  meninges.  The  fine  fibers 
that  follow  the  smaller  vessels  seem  to  be  vasomotor  in  func¬ 
tion.  By  physiological  experiments  in  cats,  rabbits  and 
monkeys  vasoconstrictor  nerves  have  been  proved  to  be  present 
on  vessels  of  the  parietal  cortex  and  basal  ganglia.  The  con¬ 
striction  of  arteries  which  follows  stimulation  of  these  nerves 
is  only  about  one-tenth  as  great  as  the  constriction  of  arteries 
of  a  similar  size  in  the  skin  and  other  extracranial  organs. 
The  vasoconstrictor  innervation  reaches  the  brain  by  way  of 
the  cervical  sympathetic  nerves.  The  vasoconstrictor  effect  is 
found  most  conspicuously  in  the  parietal  cortex.  It  has  also 
been  demonstrated  but  to  a  less  degree  in  the  basal  ganglia 
and  in  the  medulla  oblongata.  In  the  latter  the  effect  is  very 
slight,  but  appears  to  be  definitely  present  in  some  animals. 
Vasodilator  nerves  have  also  been  found  on  cerebral  vessels  of 
the  parietal  cortex.  Stimulation  experiments  show  that  these 
fibers  leave  the  hind-brain  with  the  facial  nerve,  pass  to  the 
geniculate  ganglion,  along  the  greater  superficial  petrosal  nerve 
and  thence  to  the  carotid  artery.  (Fig.  14.) 
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VAGUS 


Fiq.  14.  Extracerebral  Control  of  Cerebral  Blood  Flow 

The  carotid  sinus  nerves  (IX)  control  pressure  as  blood  enters  the  internal 
carotid  arteries.  The  sympathetic  nerves  to  cerebral  vessels,  from  the  su¬ 
perior  cervical  ganglion  (S.  C.)  are  constrictors. 

The  dilator  nerve  is  from  facial  root  (VII)  and  geniculate  ganglion 
to  the  cerebral  vessels.  Fine  fibres  even  reach  the  arterioles  but  whether 
these  are  sympathetic  (constrictor)  or  parasympathetic  is  not  known.  S.C. 
“  superior  cervical  ganglion.  The  depressor  nerve  is  from  aorta.  IX  = 
glossopharyngeal  root  with  fibers  from  carotid  sinus  entering.  (From  The 
Circulation  of  the  Brain  and  Spins  1  Cord.  The  Williams  &  Wilkins  Co.  (1)) 
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EXTRACEREBRAL  CONTROL  OF  BLOOD  FLOW 

In  the  vertebrate  organism  there  are  two  main  integrating 
systems — the  blood  stream  and  the  nerves.  Between  the  two 
principal  integrators  there  is  a  reciprocal  relation  that  is  of 
the  greatest  importance.  The  brain,  can  survive  only  a  few 
minutes  without  its  blood  supply,  but  the  blood  supply  is  de¬ 
pendent  upon  a  normally  functioning  brain,  because  blood 
flow  to  the  various  organs,  even  to  the  brain  itself,  is  largely 
regulated  by  the  vasomotor  centers  of  the  brain  and  spinal 
cord.  The  central  nervous  system  contains  the  head  ganglia 
of  the  autonomic  nervous  system,  which  in  turn  control  the 
vegetative  nerves  to  the  heart  and  vessels.  Thus,  a  lesion  in 
the  heart  and  a  lesion  in  the  hind-brain  are  equally  lethal. 

The  extracerebral  control  of  cerebral  circulation  has  been 
worked  out  carefully  by  Heymans  and  his  co-workers  in  a  series 
of  classical  experiments.  The  circulation  of  the  brain  acts  like 
that  of  an  organ  with  continuous  maximal  activity;  it  must  be 
served,  even  at  the  expense  of  other  organs.  It  will  suffice  to 
present  here  the  main  physiological  mechanisms  (see  fig.  14). 
The  principal  reflex  arcs  controlling  blood  flow  to  the  brain 
may  be  enumerated  as  follows: 

1.  Carotid  sinus  receptors  (both  for  chemical  and  pressure 
stimuli)  have  fibers  in  glossopharyngeal  nerve  to  hind-brain 
(vasodilator,  vasoconstrictor,  cardio-inhibitory  and  respira¬ 
tory  centers).  Reflex  via  (a)  vagus  nerve  to  heart,  ( b )  spinal 
cord  and  sympathetic  nerves  to  arteries,  muscles  of  respira¬ 
tion,  adrenals  and  spleen.  The  sensory  impulses  reach  the 
medulla  largely  through  the  glossopharyngeal  nerve,  but 
connecting  branches  go  by  way  of  the  vagus  and  sympathetic 
trunks  and  the  hypoglossal  nerve. 

2.  Aortic  arch  receptors  have  fibers  in  the  aortic  depressor 
and  vagus  nerves  to  the  hind-brain  (cardio-inhibitory  and 
vasodilator  centers  largely).  Reflex  via  (a)  vagus  nerve  to 
heart  and  ( b )  cord  and  nerves  to  peripheral  vessels. 
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3.  Cardiac  receptors  have  fibers  in  vagus  to  hind-brain  (car- 
dio-inhibitory  centers).  Reflex  via  vagus  nerve  to  heart. 

4.  Receptors  in  various  other  vessels  (pulmonary  artery, 
splanchnic  artery,  vena  cava,  and  probably  others)  send  sen¬ 
sory  nerves  to  vagus  trunk  and  hind-brain.  The  motor  arc 
of  the  reflex  is  as  in  (1)  via  either  vagus  or  spinal  centers. 

5.  Carbon  dioxide  and  oxygen  content  of  the  blood  stream 
affects  the  hind-brain  (vasodilator  and  vasoconstrictor  centers) 
setting  up  nervous  impulses,  via  vagus  nerve  to  heart  and 
via  spinal  cord  to  vessels  as  in  (1).  This  is  probably  the 
most  powerful  regulatory  reflex  mechanism,  and  has  for  years 
been  called  “ the  vasomotor  center.”  Recent  work  has  shown 
that  there  is  no  one  center  for  controlling  vascular  caliber; 
there  are  probably  two  or  three  in  the  hind-brain,  one  in  the 
mid-brain,  one  or  more  in  the  hypothalamus  and  an  area  in  the 
frontal  cerebral  cortex.  Like  all  important  functions,  it  is 
integrated  at  several  levels. 

The  function  of  these  extracerebral  mechanisms  is  to  main¬ 
tain  not  only  an  adequate  and  relatively  constant  blood  sup¬ 
ply,  but  one  which  contains  necessary  chemical  constituents. 
If  the  blood  flow  to  the  brain  is  inadequate,  and  the  pressure 
falls  in  the  carotid  sinus,  vasoconstriction  takes  place  in  other 
organs,  for  example  the  skin  and  splanchnic  bed.  Thus  other 
organs  give  up  blood  to  keep  the  all-important  cerebral  head¬ 
quarters  in  action.  The  mechanism  seems  to  be  so  organized 
that  the  brain  is  first  served  with  blood  in  emergencies  and 
seems  to  be  able  to  requisition  blood  from  other  organs.  Hey- 
man’s  work  shows  this  beautifully.  Nevertheless  the  organism 
is  a  cooperative  society  and  there  are  many  organs  which  are 
necessary  to  life.  From  the  point  of  view  of  indispensability 
there  is  no  master  organ,  but  if  anything  interferes  with  cere¬ 
bral  function  the  fact  is  more  immediately  reported  by  the 
appearance  of  severe  symptoms  than  is  the  case  with  any  other 
organ. 
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INTRACEREBRAL  CONTROL  OF  BLOOD  FLOW 

With  so  many  regulatory  mechanisms  one  might  expect 
frequent  changes  in  vessel  caliber  and  in  blood  flow,  even  under 
resting  conditions.  Such  changes  do  not  occur  normally; 
the  flow  is  remarkable  for  its  steadiness.  The  constant 
temperature  of  the  brain,  the  “closed-box”  arrangement,  the 
mixture  of  blood  by  anastomosis,  the  governing  action  of 
carbon  dioxide,  the  moderating  reflexes  from  vagodepressor 
nerves  and  carotid  sinus,  and  the  paucity  of  direct  vasomotor 
control,  all  tend  to  make  the  cerebral  blood  flow  constant. 
The  fact  that  it  does  not  fluctuate  much  under  physiological 
conditions  may  be  explained  teleologically  by  assuming  that 
delicate  nerve  tissue  requires  a  steady  oxygen  supply  rather 
than  a  rich  one.  The  lower  centers  in  the  brain  stem,  being 
active  throughout  life  at  all  times,  need  an  even,  continuous 
flow  upon  which  vital  functions  depend.  The  cerebral  hemi¬ 
spheres,  however,  being  more  specialized  and  those  parts  of 
the  cerebral  cortex  most  actively  functioning  at  any  given 
time  have  temporary  and  local  changes  in  blood  flow. 

To  maintain  the  dynamic  equilibrium  of  the  neurones  is  the 
function  of  the  cerebral  circulation.  Nerve  tissue  has  no  nor¬ 
mal  state,  it  is  never  fixed  but  always  fluctuating  in  accordance 
with  changes  in  its  environment.  The  activity  of  nerve  cells 
is  graded  delicately  by  slight  changes  in  the  chemical  composi¬ 
tion  of  the  tissue  fluids  which  form  the  immediate  environ¬ 
ment  of  the  cell.  For  example  the  cell  may  vary  its  frequency 
of  discharge  in  accordance  with  its  degree  of  oxygenation. 
There  may  even  be  a  relative  anoxia  accompanying  an  in¬ 
crease  in  blood  flow,  if  the  activity  of  the  cell  is  greatly  in¬ 
creased,  i.e.,  with  increased  demand,  and  a  slightly  greater 
though  still  insufficient  supply,  the  cell  establishes  an  oxygen 
debt.  Lack  of  carbohydrate  supply  to  the  nerve  cell  in  con¬ 
ditions  of  hypoglycemia  may  retard  oxidation  processes. 
Carbon  dioxide  acts  on  certain  nerve  cells  in  a  quite  selective 
way.  Extreme  activity  of  neurones  can  be  initiated  by  slight 
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shifts  in  their  ionic  composition.  Gerard  (1)  speaks  of  various 
factors  in  the  maintenance  of  the  equilibrium:  temperature, 
the  supply  of  oxygen,  carbon  dioxide,  or  sugar,  and  the  ratio 
of  potassium  to  calcium.  All  of  these  factors  affect  the  meta¬ 
bolic  rate  of  the  cell  and  therefore  affect  the  blood  flow. 

Experiments  carried  out  in  1927  (12)  were  designed  to  an¬ 
swer  the  question  as  to  whether  the  vascular  bed  varied  in 
different  parts  of  the  brain  with  changes  in  function.  In  other 
words,  did  more  blood  flow  to  an  area  when  stimulation  was 
causing  increased  neuronal  activity?  Although  the  method 
was  crude,  the  observations  pointed  to  the  conclusion  that 
blood  flow  does  change  with  local  functional  need  in  the  brain, 
as  in  other  organs.  The  subject  has  been  taken  up  by  other 
investigators  (1)  (2)  who  found  local  temperature  changes  (indi¬ 
cating  increased  blood  flow)  in  the  visual  area  of  the  brain 
after  stimulating  the  eye  with  light,  in  the  olfactory  area  after 
blowing  ammonia  into  the  nose,  and  in  the  somatic-sensory 
area  after  massaging  the  paw  of  a  cat.  The  afferent  impulses 
that  set  up  this  activity  come  from  the  appropriate  stimulation 
of  sensory  end-organs  (visual,  olfactory,  tactile),  these  impulses 
after  traversing  one  or  more  neurones  stimulate  activity  in  the 
cerebral  area  that  is  being  studied,  and  the  variation  in  blood 
flow  is  estimated  from  the  changes  in  temperature.  A  clean- 
cut  piece  of  research  by  von  Santha  and  Cipriani  (1)  shows 
that  increased  blood  flow  may  be  set  up  in  the  basal  ganglia  by 
stimulating  neurones  in  the  cortex  cerebri.  Thus  it  is  evident 
that  not  only  sensory  areas  of  the  cerebrum  react  in  this  way, 
but  probably  all  active  nerve  centers.  The  local  vascular  re¬ 
sponse  that  causes  an  increase  in  the  blood  flow  probably  is 
not  duo  to  innervation  of  the  vessel  walls,  but  to  the  great 
sensitivity  of  the  walls  of  capillaries  to  the  carbon  dioxide 
which  quickly  accumulates  when  the  metabolic  activity  of  the 
neurones  is  increased. 

The  main  intrinsic  control  of  cerebral  vessels  depends  on 
steady  dilatation  by  carbon  dioxide  of  vessels  with  a  rather 
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high  intrinsic  tone.  This  is  unlike  other  organs.  Lowering 
carbon  dioxide  tension  is  the  most  effective  way  to  cause 
vascular  contraction  and  to  decrease  cerebral  blood  flow.  In¬ 
creasing  it  is  the  quickest  and  surest  way  of  dilating  vessels  and 
effectively  increasing  flow.  Other  vasodilators  such  as  hista¬ 
mine  or  the  nitrites  cause  dilatation  in  the  body  in  general; 
their  use,  therefore,  could  decrease  the  blood  flow  to  the  brain 
because  of  the  redistribution  of  blood,  in  spite  of  cerebral 
vasodilatation.  Carbon  dioxide  stimulates  the  vasomotor  cen¬ 
ter  while  dilating  cerebral  vessels  (2). 

SPASM  OF  CEREBRAL  ARTERIES 

In  1859  Kussmaul  and  Tenner  reported  that  convulsions 
could  be  produced  in  rabbits  by  faradization  of  the  cervical 
sympathetic  nerve.  This  experiment  has  never  been  satis¬ 
factorily  repeated,  but  it  has  caused  much  speculation  as  to 
the  role  of  spasm  of  the  cerebral  arteries  in  producing  evanes¬ 
cent  neurological  symptoms. 

A  few  observers  have  actually  seen  obliterating  vasoconstric¬ 
tion  in  cerebral  vessels,  but  then  only  under  conditions  varying 
widely  from  the  normal.  In  this  regard  the  cerebral  vessels 
differ  greatly  from  other  vessels  in  the  body.  Forbes  (1)  has 
made  simultaneous  observations  on  pial  arteries  and  the  arteries 
in  the  skin  of  the  ear.  The  latter  contract  8  to  10  times  as 
much  as  the  pial  arteries  to  the  same  stimulus.  In  a  chronic 
experiment  Clark  has  watched  the  cerebral  vessels  of  a  rabbit 
that  lived  for  weeks  in  his  laboratory  with  a  window  in  the  skull. 
Ordinary  noises  and  laboratory  occurrences  would  cause  the 
vessels  of  the  ear  to  constrict  conspicuously,  but  no  constric¬ 
tion  was  ever  observed  in  the  pial  vessels.  Thus  it  is  obvious 
that  under  normal  or  ordinary  conditions  the  vessels  of  the 
brain  probably  contract  little  or  not  at  all  to  nervous  stimula¬ 
tion. 

It  is  quite  certain  that  cerebral  vascular  spasm  occurs  in  man 
under  pathological  conditions.  The  best  example  is  found  in 
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the  prodromal  symptoms  of  a  migraine  headache  (13).  It  is 
possible  that  arterial  spasm  may  also  account  for  some  brief 
periods  of  aphasia,  paralysis,  and  diminution  of  consciousness. 
Schmidt  and  Kety  (2)  have  shown  a  close  correlation  between 
the  reduced  blood  flow  in  diabetic  coma,  cerebral  arterio¬ 
sclerosis  and  senile  dementia  with  the  reduced  mental  activity 
and  confusion  seen  clinically.  Evidence  for  the  existence  of 
cerebral  arterial  spasm  is  found  in  the  arteriographic  work 
described  by  Elvidge  (1).  It  is  fairly  well  established  that  the 
circulation  time  of  the  brain  is  about  three  or  four  seconds.  In 
the  branches  of  the  external  carotid  artery  this  rapid  flow  is 
often  delayed  when  the  patient  is  hurt  or  afraid.  Vascular 
spasm  is  known  to  occur  in  these  arteries.  In  the  branches  of 
the  internal  carotid  artery,  however,  such  a  delay  is  rare,  but 
occasionally  under  abnormal  conditions  it  occurs  and  prolongs 
the  circulation  time  to  eight  and  even  fourteen  seconds. 

SYNCOPE 

“The  teleological  explanation  offered  for  the  location  of  the 
carotid  sinus  reflex  is  that  it  is  placed  at  the  point  of  entrance 
of  the  arterial  blood  column  into  the  brain,  a  vital  organ  most 
sensitive  to  fluctuations  in  the  circulation,  in  order  to  maintain 
a  constant  supply  at  an  optimal  pressure.”  This  sentence  from 
Ferris,  Capps  and  Weiss’s  paper  of  1935  (14)  clearly  gives  the 
key  to  the  situation.  Their  division  of  attacks  of  unconscious¬ 
ness  into  three  types,  based  on  the  physiological  mechanism  is 
most  helpful;  the  vagal  type  caused  by  standstill  of  the  heart, 
the  depressor  type  caused  by  general  vasodilation,  and  the 
cerebral  type  probably  due  to  reflex  influences  on  certain  brain 
centers. 

In  most  cases  syncope  is  due  to  some  fundamental  circulatory 
change:  cardiac  inhibition,  failure  of  the  heart,  vasodilation, 
each  may  cause  ischemia  of  the  brain  and  fainting.  The  group 
of  cases  where  no  failure  of  circulation  is  observable  might  be 
explained  by  vasoconstriction  in  the  brain,  but  the  loss  of 
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consciousness  comes  on  too  suddenly  to  be  readily  explained 
by  such  a  mechanism  and  no  change  in  total  cerebral  blood 
flow  is  observable.  The  remaining  possibility  seems  to  be  that 
sensory  stimuli  may  induce  discharges  of  neurons  in  the  brain 
stem  or  cerebral  cortex,  which  spread  like  an  epileptic  dis¬ 
charge  and  blot  out  consciousness  in  a  few  seconds.  The  af¬ 
ferent  stimuli  responsible  for  these  reactions  might  come  from 
local  areas  of  ischemia  in  the  central  nervous  system,  or  from 
strong  stimulation  of  end  organs  in  the  carotid  sinus,  heart  and 
great  vessels. 

Another  set  of  causes  of  unconsciousness  is  discussed  by 
Lennox  and  Gibbs  (1).  They  point  out  that  the  patient  ceases 
to  respond  to  stimuli  when  the  oxygen  content  of  the  blood  falls 
to  a  point  between  30  per  cent  and  24  per  cent  of  saturation. 
Sugar  is  the  other  constituent  of  the  blood  about  which  data  is 
available.  When  there  is  less  than  30  milligrams  glucose  per 
100  cc.  of  blood,  coma  and  convulsions  may  supervene.  Ex¬ 
periments  on  man  show  that  arrest  of  cerebral  circulation  for 
6  to  8  seconds  will  cause  loss  of  consciousness.  (See  pg.  120.) 

CONCLUSION 

A  constant  supply  of  blood  to  the  brain  is  vital.  This  blood 
supply  regulates  the  activity  of  the  brain,  and  is  in  turn  regu¬ 
lated  by  it.  Constancy  of  flow  is  all-important,  and  is  safe¬ 
guarded  by: 

A.  Anatomical  arrangements  such  as  the  “closed  box”  of 
the  skull,  angulation  and  branching  of  the  large  arteries,  the 
circle  of  Willis  and  anastomoses  between  many  pial  and  some 
deep  cerebral  vessels. 

B.  Physiological  mechanisms  safeguard  the  cerebral  circu¬ 
lation  in  several  wTays.  The  blood  flow  is  controlled  first,  and 
chiefly,  through  the  systemic  arterial  pressure,  which  in  turn 
has  its  own  reflex  controls.  Secondly,  there  is  control  by  an 
intrinsic  cerebral  regulation,  which  causes  arteries  to  change 
caliber  independently  of  the  blood  pressure.  These  changes  in 
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caliber  are  caused  chiefly  by  chemical  substances,  notably  car¬ 
bon  dioxide.  To  a  much  less  extent  sympathetic  innervation 
controls  the  caliber  of  the  vessels  by  slight  constriction  and  the 
parasympathetic  innervation,  via  the  facial  nerve  and  genicu¬ 
late  ganglion,  causes  slight  dilation  of  some  cerebral  vessels. 

In  spite  of  the  fact  that  the  general  blood  supply  to  the 
brain  is  kept  constant  by  many  safeguards,  there  is  evidence 
that  the  local  supply  to  special  areas  of  gray  matter  may  vary 
according  to  the  regional  needs  as  determined  by  changes  in 
neuronal  activity. 

The  brain  tissue  is  especially  vulnerable  to  lack  of  oxygen, 
therefore  infarcts  even  though  incomplete  cause  varied  symp¬ 
toms,  many  of  which  are  evanescent  because  the  anoxia  is  not 
severe  enough  to  cause  death  of  the  nerve  cell,  but  merely 
temporary  loss  of  function.  The  lesion  is  reversible.  Such 
lesions  can  arise  from  thrombosis  or  embolism  of  small  vessels, 
often  veins.  The  location  and  type  of  vessels  involved  is  im¬ 
portant  in  determining  the  functional  result  of  the  lesion,  both 
because  of  the  difference  in  amount  of  anastomosis  between 
vessels  of  different  sizes  and  different  locations,  and  because  of 
the  lack  of  ability  of  the  brain  to  repair  damage.  This  in¬ 
ability  is  more  marked  where  blood  supply  is  less  adequate. 

General  vascular  contraction  occurs  in  the  brain  when  carbon 
dioxide  tension  is  lowered.  There  is  a  good  deal  of  clinical 
evidence  and  some  experimental  evidence  that  strong,  local 
vasoconstriction  may  occur  under  pathological  conditions  and 
cause  temporary  symptoms.  On  the  other  hand  small  thrombi 
might  cause  similar  symptoms.  In  either  case  the  use  of 
anticoagulants  and  carbon  dioxide  and  oxygen  may  be  indi¬ 
cated. 
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Chapter  VIII 


CEREBROSPINAL  FLUID 

The  cerebrospinal  fluid  is  contained  in  the  ventricles  and 
subarachnoid  spaces  of  the  brain  and  cord.  It  acts  as  a  water- 
jacket,  supporting  and  protecting  the  brain,  and  as  a  fluid 
medium  in  which  ions  and  other  solutes  may  exchange  with 
the  blood  on  the  one  hand  and  with  the  brain  on  the  other 
(1).  The  water  of  the  cerebrospinal  fluid  exchanges  rapidly 
with  that  of  the  brain  everywhere  throughout  the  neuraxis, 
but  actual  formation  of  fluid  occurs  chiefly  within  the  ventricu¬ 
lar  system.  The  choroid  plexuses  of  the  lateral  ventricles  are 
believed  to  be  of  major  importance  in  the  actual  formation  of 
the  fluid.  It  flows  from  the  lateral  ventricles,  through  the 
foramina  of  Monro  into  the  median  (“third”)  ventricle  and 
thence  via  the  small  aqueduct  of  the  mid-brain  into  the  hind 
brain  (“fourth”)  ventricle.  At  this  point  it  receives  an  incre¬ 
ment  of  fluid  from  the  choroid  plexus  which  lies  in  the  ventricu¬ 
lar  roof  and  lateral  recesses.  Here  are  the  foramina  of  Magendie 
and  Luschka,  through  which  the  fluid  then  escapes,  leaving 
the  ventricular  system  and  entering  the  subarachnoid  space. 
In  the  subarachnoid  and  perivascular  spaces,  as  well  as  in  the 
ventricles,  the  water  and  solutes  of  the  cerebrospinal  fluid  are 
in  equilibrium  with  those  of  the  plasma  and  of  the  brain  (See 
figure  15).  After  entering  the  subarachnoid  space  from  the 
fourth  ventricle,  the  fluid  flows  about  the  brain  and  fills  the 
basal  cisternae,  finally  spreading  to  the  convexity  of  the  cere¬ 
bral  hemispheres.  Absorption  of  excess  water  and  solutes 
probably  takes  place  through  the  arachnoidal  villi  which  pro¬ 
ject  into  the  great  venous  sinuses.  The  fluid  also  flows  down 
around  the  cord,  where  it  is  in  a  blind  pocket  and  can  circulate 
little.  But  because  of  bodily  movement  and  diffusion  enough 
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exchange  fakes  place  so  that  fluid  in  the  lumbar  sac  is  a  fair 
sample  of  the  cerebrospinal  fluid,  except  that  the  protein  is 
likely  to  be  three  or  four  times  higher  than  that  of  ventricular 
fluid. 

In  a  man  lying  in  the  horizontal  position  the  pressure  of  the 
cerebrospinal  fluid  is  approximately  the  same  in  all  parts  of 
the  ventriculo-subarachnoid  system;  this  pressure  is  usually 
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CNS 

CELLS 

Fiuure  15.  Diauram  I llubtratino  the  Various  Equilibria  that 
Constitute  the  Hypothetical  “Barrier”  Between  Blood,  Brain 
and  Cerebrospinal  P’luid. 

The  plasma  of  the  circulating  blood  must  be  in  equilibrium  with  the  cere¬ 
brospinal  fluid  (CSF)  and  the  interstitial  fluid  of  the  central  nervous  system 
(CNS).  This  may  be  across  membranes  such  as  capillary  walls,  the  ependy¬ 
mal  lining  of  the  ventricles  and  choroid  plexuses,  or  the  pia-glia  membrane 
of  the  perivascular  spaces.  (After  Selverstone  (2).) 


between  100  and  160  mm.  of  water  under  normal  conditions. 
It  varies  with  pulse  and  respiration  and  with  the  state  of 
muscular  tension  of  the  patient.  In  the  upright  position,  the 
pressure  in  the  lumbar  sac  is  much  higher,  because  of  the  hy¬ 
drostatic  column  of  fluid  above  the  level  of  the  needle. 
The  intracranial  pressure  becomes  negative  to  atmospheric 
pressure  (minus  50  to  150  mm.  of  water);  the  zero  point  lies  at 
about  the  level  of  the  lower  cervical  vertebrae. 

If  there  is  any  pathological  block  between  the  subarachnoid 
space  of  the  brain  and  of  the  cord,  definite  changes  are  found 
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in  the  spinal  fluid.  The  hydrostatics  are  also  disturbed  in  that 
variations  in  pressure  in  one  part  of  the  ventriculo-subarachnoid 
system  are  not  equally  transmitted  to  all  portions  of  this  sys¬ 
tem.  Compression  of  the  jugular  vein  will  produce  a  rise  in  the 
venous  pressure  in  the  skull  and  an  increase  in  the  pressure  of 
the  fluid  in  the  ventricles.  Normally  this  rise  in  pressure  is 
equally  transmitted  to  all  portions  of  the  ventriculo-sub¬ 
arachnoid  space  but  if  there  is  any  obstruction  between  the 
fluid  in  the  ventricles  and  that  in  the  lumbar  subarachnoid 
space,  the  transmission  of  this  pressure  rise  is  delayed,  de¬ 
creased  or  abolished.  The  testing  of  the  dynamics  of  the 
ventriculo-subarachnoid  space  (Queckenstedt’s  Test)  is  im¬ 
portant  in  patients  with  symptoms  of  a  spinal  cord  lesion 
which  may  be  due  to  tumor,  meningeal  adhesions  or  anything 
obstructing  the  spinal  subarachnoid  space. 

The  ventriculo-subarachnoid  space  contains  approximately 
125  to  150  cc.  of  fluid.  This  is  filtered  out  of  the  blood  through 
the  choroid  plexus  and  is  absorbed  into  the  venous  system 
through  the  arachnoid  villi.  Normally,  the  rate  of  formation 
and  the  rate  of  absorption  are  equal.  If  the  rate  of  absorption 
is  decreased  below  that  of  formation,  equilibrium  will  gradu¬ 
ally  be  reestablished  at  a  higher  hydrostatic  pressure.  In  the 
process,  an  internal  hydrocephalus  may  develop.  Decreased 
absorption  may  occur  in  various  ways;  the  most  obvious  are: 

(a)  An  aplasia  of  arachnoid  villi. 

(b)  Meningitis  obliterating  the  subarachnoid  spaces  near 
the  arachnoid  villi,  the  basal  cistern  or  the  foramina  of  exit 
of  the  fluid  from  the  fourth  ventricle. 

(c)  Inflammation  or  tumor  blocking  the  aqueduct  of  the 
mid-brain  or  third  ventricle  (giving  symmetrical  dilatation  of 
both  lateral  ventricles)  or  blocking  one  foramen  of  Monro 
(giving  dilatation  of  one  lateral  ventricle  only) . 

(d)  Changes  in  the  osmotic  pressure  of  the  serum,  causing 
the  rate  of  formation  to  exceed  that  of  absorption  as  in 
meningismus. 
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(e)  Increase  in  the  hydrostatic  pressure  in  the  great  venous 
sinuses,  as  in  thrombosis  of  saggital  or  lateral  sinuses,  or  after 
ligation  of  both  internal  jugular  veins. 

The  pressure  of  the  cerebrospinal  fluid  may  be  changed  in 
many  ways,  and  all  changes  undoubtedly  affect  cerebral  circu¬ 
lation.  Sudden  and  extreme  changes  may  cause  symptoms 
like  vertigo  and  headache.  Lesser  variations  in  pressure, 
usually  without  symptoms,  may  be  brought  about  by  varying 
the  osmotic  pressure  of  the  blood.  For  example,  if  distilled 
water  is  given  intravenously,  the  osmotic  pressure  of  the  blood 
is  lowered  so  that  the  relatively  more  concentrated  cerebro¬ 
spinal  fluid  takes  up  water,  increasing  its  volume  and  pres¬ 
sure.  Conversely,  the  injection  into  the  blood  stream  of  a 
hypertonic  solution  (e.g.,  15  per  cent  NaCl)  will  cause  a  rapid 
absorption  of  the  cerebrospinal  fluid  and  a  great  lowering  of 
intracranial  pressure.  Water  is  taken  up  by  the  blood  not 
only  from  the  cerebrospinal  fluid  but  from  tissue,  so  the  brain 
and  other  organs  definitely  shrink.  This  fact  has  been  used 
in  cases  of  increased  intracranial  pressure,  especially  when 
cerebral  edema  and  contusion  play  a  role,  but  the  effect  is 
transient. 

From  the  chemical  standpoint,  the  cerebrospinal  fluid  is 
almost  identical  with  Locke’s  solution.  It  is  isotonic  with  the 
blood  plasma.  Its  chief  differences  from  blood  plasma  are  the 
very  low  protein  and  the  almost  complete  absence  of  lipoids, 
pigments,  and  ferments,  and  the  much  higher  chloride  content. 
The  unequal  distribution  of  chloride  ion  between  plasma  and 
spinal  fluid  varies  with  the  protein  difference  between  these 
fluids,  and  appears  to  depend  upon  the  Donnan  membrane 
equilibrium  (1).  A  fluid  closely  approximating  cerebrospinal 
fluid  may  be  reproduced  artificially  by  filtering  plasma  through 
a  membrane  impermeable  to  protein.  Consequently,  the  cere¬ 
brospinal  fluid  may  be  considered  a  protein-free  filtrate  in 
equilibrium  with  the  plasma,  although  some  investigators 
believe  that  the  choroid  plexus  is  a  gland  that  actually  secretes 
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Some  typical  findings  in  the  C.S.F.  of  representative  diseases 
(All  values  are  approximate) 
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fluid  (5).  For  a  discussion  of  the  “barrier”  between  the  blood 
and  cerebrospinal  fluid,  see  Chapter  VII. 

Most  pathological  states  of  the  central  nervous  system  are 
associated  with  changes  in  the  cerebrospinal  fluid,  both  physical 
and  chemical.  These  changes  are  of  fundamental  diagnostic 
importance;  the  most  important  are:  (a)  the  pressure  as  meas¬ 
ured  by  a  manometer  connected  to  the  lumbar  puncture  nee¬ 
dle;  ( b )  the  hydrodynamics  as  observed  by  pressure  on  the 
veins  while  watching  the  manometer;  (c)  the  appearance  of 
the  fluid:  its  color,  clearness  or  turbidity,  and  ability  to  form 
a  clot;  ( d )  the  number  and  kind  of  cells  present  as  observed 
under  the  microscope;  (e)  the  presence  or  absence  of  bacteria 
or  other  organisms,  determined  by  examination  of  smears  or 
cultures;  (/)  the  chemical  constituents:  the  sugar,  protein,  and 
chloride  content;  ( g )  the  Wassermann  reaction;  ( h )  the  colloidal 
gold  reaction. 

When  all  these  examinations  are  made  and  recorded,  certain 
constellations  of  data  point  strongly  to  certain  diagnoses.  The 
findings  in  the  cerebrospinal  fluid  are  of  particular  help  in  the 
diagnosis  and  in  the  control  of  treatment  of  patients  with 
syphilis  of  the  central  nervous  system,  in  the  diagnosis  of  acute 
and  subacute  inflammatory  processes  in  the  meninges  and  in 
the  differential  diagnosis  between  neoplastic  and  degenerative 
diseases  of  the  brain  or  spinal  cord.  Some  examples  of  char¬ 
acteristic  findings  for  a  variety  of  nervous  diseases  are  given 
in  Table  1,  but  since  wide  variation  may  occur  in  individual 
cases,  they  must  not  be  taken  too  literally.  Usually  these 
findings  serve  merely  as  an  important  adjunct  to  clinical  diag¬ 
nosis;  occasionally,  as  in  dementia  paralytica  and  tuberculous 
or  bacterial  meningitis  (6),  the  cerebrospinal  fluid  findings  by 
themselves  give  the  diagnosis. 
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GENERAL  NEUROPATHOLOGY 

Nouropathology  is,  of  course,  a  part  of  general  pathology, 
just  as  much  as  is  the  pathology  of  the  blood,  but  there  are 
st> v oral  peculiarities  of  the  nervous  system  which  make  a 
special  study  of  its  pathology  desirable.  In  the  first  place 
the  central  nervous  system  is  the  integrator  of  bodily  activity, 
the  special  conduction  apparatus  between  irritable  tissues, 
i.o.,  between  receptors  and  effectors.  This  conduction  ap¬ 
paratus  is  made  up  of  neurons  special  cells  with  extraor¬ 
dinarily  long  processes,  the  axons.  These  axons  are  grouped 
in  the  central  nervous  system,  and  in  the  peripheral  nerves,  to 
form  conduction  paths.  An  accurate  knowledge  of  these  con¬ 
duction  paths  is  essential  and  of  great  practical  importance, 
because  a  minute  focal  injury  may  produce  extensive,  complex 
and  distant  effects.  Every  part  of  the  brain  has  its  individual 
anatomy;  the  cortex,  for  example,  is  made  up  of  many  histo¬ 
logically  different  areas.  Thus  the  removal  of  one  or  two 
samples  of  “brain”  at  autopsy  is  not  only  inadequate,  but  may 
ln>  misleading.  Secondly  special  types  of  degeneration  occur 
in  t  he  nervous  system,  for  example,  Wallerian  degeneration  of 
(he  nerve  fibers  and  the  special  reactions  of  the  glia..  Thirdly 
the  fact  that  tin'  brain  and  cord  are  enclosed  in  a  rigid  case,  with 
lit  t  h'  space  for  swelling,  makes  nervous  tissue  peculiarly  liable 
to  injury  from  pressure.  The  fourth  point  is  that  the  nervous 
system  is  bathed  and  supported  by  the  cerebrospinal  fluid. 
Normally  this  fluid  acts  as  a  protection,  but  when  toxins  gain 
access  to  it,  or  when  stasis  of  the  fluid  occurs  from  obstruc¬ 
tion  of  its  circulation,  direct  injury  to  the  nervous  tissue  may 
be  produced  by  the  lluid  itself.  Reciprocally,  changes  in  tho 
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nervous  system  may  cause  abnormalities  in  the  cerebrospinal 
fluid . 

'I'lie  surprising  thing  about  the  central  nervous  system,  how¬ 
ever,  is  not  the  variety  of  the  pathological  pictures,  but  the 
paucity  of  ways  in  which  the  brain  can  react  to  a  great  number 
of  noxious  agents.  Remarkably  similar  histopathological 
pictures  may  result  from  such  different  disease  processes  as 
syphilis,  lead  poisoning  or  infantile  paralysis.  The  terms 
“perivascular  infiltration,”  “chromatolysis  of  the  nuclei,” 
“nouronophagia,”  “satellitosis,”  “fat  laden  scavenger  cells” 
keep  cropping  up  in  the  descriptions  of  cerebral  tissue  suffering 
from  the  most  varied  forms  of  damage.  Nervous  tissue  seems 
to  have  but  a  few  simple  processes  of  degeneration  and  defence. 
The  microscopical  pictures  that  one  may  see  in  brain  prepara¬ 
tions  are,  nevertheless,  quite  variable.  This  is  due  primarily 
to  the  fact  that  the  brain  is  not  one  organ,  but  many  organs 
combined  into  one,  each  having  its  special  histological  struc¬ 
ture  and  thereby  its  own  picture  in  reaction  to  disease.  For 
example,  the  normal  cell  of  the  inferior  olivary  nucleus  is 
rounded  and  has  an  eccentrically  placed  nucleus,  and  the  typi¬ 
cal  cell  of  the  substantia  nigra  appears  like  a  motor  nerve  cell 
loaded  with  pigment.  Thus  a  knowledge  of  the  exact  location 
in  the  brain  or  cord  from  which  any  specimen  came  is  important 
and  normal  specimens  for  control  should  be  kept  at  hand. 
The  matter  of  time  is  also  important;  one  must  know  how 
long  the  lesion  has  been  developing.  For  example,  the  acute 
lesions  of  encephalitis  lethargica  resemble  those  of  infantile 
paralysis,  while  the  chronic  lesions  may  look  like  arteriosclerosis. 
In  other  words,  our  present  knowledge  of  neuropathology  does 
not  allow  us  in  all  eases  to  refer  a  special  histopathological 
picture  to  a  specific  etiology.  In  order  to  arrive  at  a  diagnosis 
from  a  brain  and  cord  removed  at  autopsy  it  is  important  to 
know  the  clinical  history,  to  dissect  and  fix  the  brain  with  the 
clinical  facts  in  mind,  and  to  survey  all  parts  of  the  brain  so 
that  the  distribution  of  the  lesions  may  be  accurately  charted. 
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Lastly,  the  special  methods  of  neuropathology  are  numer¬ 
ous.  Many  stains  are  used,  each  to  bring  out  a  special  point; 
the  complex  tissue  of  the  highly  specialized  nervous  system 
cannot  be  adequately  stained  by  any  one  process;  therefore,  a 
section  stained  by  one  method  will  often  show  the  structure  and 
pathology  of  only  one  of  the  constituents  of  nervous  tissue 
and  in  order  to  elucidate  the  lesion  it  is  necessary  to  obtain  a 
composite  picture  by  studying  sections  stained  by  various 
methods.  General  stains  such  as  are  used  in  pathology  are  of 
little  use,  except  in  inflammatory  processes  and  to  bring  out 
the  mesodermal  elements.  Some  of  the  special  stains  used  are 
described  below. 


TECHNIQUE 

The  brain  and  spinal  cord  should  be  fixed  in  situ  by  injection 
into  the  carotids,  or  removed  within  six  hours  of  death,  and 
fixed  in  10  per  cent  formalin  in  1  per  cent  NaCl  solution. 
If  post-mortem  changes  have  taken  place  no  reliance  can  be 
placed  on  the  cell-pictures,  especially  the  neuroglial  changes, 
although  good  myelin  sheath  stains  can  be  obtained  on  quite 
old  material.  Most  neurological  autopsies  aim  at  the  elucida¬ 
tion  of  an  anatomical  problem,  often  a  problem  of  localization. 
In  such  cases,  the  brain  should  not  be  cut  while  it  is  soft,  but 
hardened  for  about  ten  days,  in  three  or  four  changes  of  10 
per  cent  formalin.  It  should  be  suspended  in  the  jar  so  that  its 
shape  is  not  altered  by  pressure.  When  hardened  the  whole 
brain  can  be  sliced  by  parallel  cuts  about  1  cm.  apart.  The 
lesions  are  thus  roughly  located  in  their  proper  anatomical 
relationships,  and  serial  sections  can  be  made,  if  necessary,  to 
follow  out  tracts.  Since  the  brain  is  such  a  large  mass  of 
tissue  the  deep  structures  are  but  poorly  fixed  by  this  method, 
so  if  cell  studies  are  the  main  object,  it  will  be  necessary  to  cut 
the  brain  at  the  autopsy  table,  and  to  remove  small  pieces  for 
perfect  fixation.  This  is  best  done  by  making  parallel  frontal 
slices  1  cm.  thick,  supporting  the  brain  tissue  by  firmly  pressing 
the  cut  surfaces  against  a  glass  plate  and  cutting  through  the 
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whole  cerebrum  parallel  to  the  plate.  Each  slice  may  then  be 
hardened  in  a  flat  dish  in  formalin,  or  small  pieces  may  be  re¬ 
moved  for  special  fixation  and  placed  in  small  bottles,  properly 
labelled  so  as  to  indicate  the  slice  and  hemisphere  from  which 
they  were  cut. 

For  the  study  of  ordinary  neurological  material  the  following 
stains  are  generally  employed  (For  details  of  technique  the 
advanced  student  is  referred  to  Lichtenstein’s  textbook  (1), 
and  to  McClung’s  handbook  (2).): 

Nissl’s  stain,  Cresyl-violet  (Thionin  or  Toluidin  blue)  gives 
best  results  with  alcohol  fixed  material,  but  good  stains  may 
be  obtained  with  formalin  fixed  material;  it  brings  out  the 
structure  of  the  nerve  cells  sharply  with  a  clear  picture  of  the 
chromidial  substance  or  Nissl  bodies;  all  nuclei  stain  well,  cyto¬ 
plasm  is  not  reliably  stained. 

Silver  stain  for  nerve  fibers,  including  axons,  dendrites  and 
fibrils.  They  appear  black  or  dark  brown.  Special  techniques 
are  named  after  Bielschowsky,  Cajal  and  Bodian. 

Weigert’s  myelin  sheath  stain  brings  out  the  sheaths  of  normal 
axons  black  on  a  brown  or  yellow  background.  In  certain 
modifications  the  myelin  appears  blue-black,  and  the  back¬ 
ground  almost  colorless.  Counter-stains  may  be  used  to  bring 
out  the  cells.  The  essential,  however,  is  a  hematoxylin  stain 
selecting  the  myelin  sheaths.  Thus  the  “white  matter”  is  dark, 
and  degenerated  areas  in  it,  where  myelin  has  been  lost,  are  the 
color  of  the  background.  Degenerations  thus  are  shown  as 
negative  pictures.  Spielmeyer’s  modification  is  used  on  frozen 
sections.  Weil’s  or  Loyez’  modification  can  be  used  on  un¬ 
mordanted  celloidin  material,  so  cell  stains  and  myelin  stains 
can  be  made  from  the  same  block. 

Marchi’s  osmic  acid  method  for  staining  pathological  fat  is 
useful  for  acute  degenerations  and  is  especially  valuable  in 
following  tracts  wdfich  show  secondary  degeneration.  The  ab¬ 
normal  fat  stains  black;  normal  myelin  stains  gray,  and  the 
background  yellow.  Thus  the  degenerated  tracts  stand  out 
black  on  a  pale  background:  a  positive  picture. 
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Scharlach  R  or  Oil  Red  0  is  used  to  show  acute  and  subacute 
fatty  changes  in  nerve  cells,  scavenger  cells,  and  in  degenerating 
nerves.  The  neutral  fats  appear  bright  scarlet;  myelin  is  dull 
red.  Frozen  sections  of  formalin  fixed  material  are  used  and 
are  mounted  in  glycerine  jelly. 

Cajol’s  gold  chloride  selectively  stains  the  astrocytes;  both 
nucleus  and  processes  appearing  black  on  a  purple  background. 
Axons  also  stain,  but  not  sharply  and  nerve  cells  are  pale. 
This  can  be  used  only  on  very  fresh  material  specially  fixed. 

P  cn field, 's  glia  stain.  This  method  is  especially  suitable  for 
the  staining  of  the  oligodendroglia.  The  microglia  are  also 
stained  but  no  difficulty  is  encountered  in  distinguishing  be¬ 
tween  them. 

Hortcga’s  microglia,  stain.  This  stain  is  supposedly  specific 
for  the  microglia.  In  properly  stained  preparations  the  cyto¬ 
plasm  of  the  microglia  stains  black  and  the  numerous  fine  proc¬ 
esses  are  clearly  visible. 

P.T.A.,  Mallory's  phosphotungstic-acid-hematoxylin  is  a  good 
stain  for  glia  fibrils;  these  appear  bluish-purple.  Myelin 
sheaths  and  muscle  also  stain  this  color  blue.  Nerve  cells  are 
stained  reddish-yellow,  and  connective  tissue  Indian  red. 

Uolzcr's  glia  fibril  stain.  In  this  stain  the  proliferated  glia 
fibrils  stand  out  blue  on  a  colorless  background.  Often  the 
cell  body  of  (  lie  proliferated  glia  can  be  seen. 

Jahnel’s  stain  demonstrates  the  spirochetes  in  the  brain,  they 
appear  black  on  a  yellow  background. 

The  Golgi  stain  is  a  silver  method  that  brings  out  the  com¬ 
plete  morphology  of  single  neurones,  but  it  is  uneven  and  picks 
out  certain  normal  areas,  leaving  others  unstained.  There¬ 
fore  if.  is  used  to  show  anatomical  structures  in  detail,  but  is 
not  useful  in  pathology. 

In  studying  a  microscopic  slide  an  orderly  procedure  and 
definite  point  of  view  is  necessary.  In  the  first  place  determine 
what  staining  method  has  been  used  on  the  tissue,  then  look 
for  the  structures  which  that  especial  method  stains  well. 
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For  example,  it  is  difficult  to  see  changes  in  nerve  cells  in 
a  Weigert  preparation,  or  even  in  a  hematoxylin  and  cosin 
preparation  the  cells  are  not  well  enough  stained  to  give  any 
accurate  information.  With  a  low  power  lens  study  the  gen¬ 
eral  topography  of  the  section,  and,  after  this  preliminary 
orientation,  begin  with  some  known  surfaces  of  the  specimen 
and  work  inwards,  describing  objectively  what  is  seen.  Thus, 
a  useful  procedure  for  a  specimen  of  cerebral  cortex  stained 
with  Nissl  would  be  to  study  and  describe  in  this  order  (a) 
meninges  (b)  blood  vessels  (c)  perivascular  cells  (d)  nerve  cells 
(e)  satellite  cells.  On  the  other  hand,  only  the  glia  cell  would 
be  studied  in  a  Cajal  stain  of  the  same  tissue,  and  in  a  Weigert 
stain  only  the  myelin  sheaths,  but  when  all  three  sections  are 
examined  in  series  a  fairly  complete  idea  of  the  pathological 
process  can  be  obtained. 

GENERAL  NERVE  CELL  REACTIONS 

The  different  causes  of  neuronal  abnormality  may  be  grouped 
as  follows: 

1.  Agenesis — the  neurons  never  reach  maturity. 

2.  Abiotrophy — the  neurons  reach  maturity  but  with  an 
inherent  lack  of  endurance  and  cannot  complete  a  full  course 
of  life. 

3.  Under-activity  -e.g.,  atrophic  ventral  horn  cells  after 
disuse  of  a  limb. 

4.  Over-activity  -e.g.,  motor  cells  after  exhausting  exercise. 

5.  Axonal  reaction — changes  in  a  cell  body  following  injury 
to  its  axon. 

6.  Chemical  and  metabolic  changes: 

a.  Due  to  interference  with  homeostasis  such  as  anoxia 

from  an  infarct  or  asphyxia,  acidosis  from  diabetes 
or  alkalosis  from  hyperventilation. 

b.  Due  to  dietary  deficiencies,  especially  vitamins  and 

minerals. 
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c.  Specific,  chemical  disorders,  e.g.,  lipodystrophy. 

d.  Intoxication  from  external  drugs  and  poisons. 

7.  Inflammatory  reactions  due  to  infecting  organisms. 

8.  Mechanical  injury,  trauma,  this  may  be  direct  or  indirect, 
an  example  of  the  latter  being  a  foreign  body  with  swelling 
and  pressure. 

9.  Compression  from  neoplasm  or  neuroglial  overgrowths. 

The  axonal  reaction  may  be  looked  on  as  the  prototype  of 

early  changes  in  the  cell  body.  The  cell  swells  and  becomes 
rounded;  the  Nissl  bodies  (chromidial  substances)  go  to  the 
periphery  and  break  up;  the  nucleus  becomes  excentric.  After 
several  days  the  cell  structure  gradually  returns  to  normal  and 
regeneration  of  the  injured  axon  goes  forward.  Caspersson 
(3)  and  Hyden  have  studied  the  nucleoprotein  metabolism  of 
nerve  cells  during  the  axonal  reaction.  After  cutting  the  axon 
the  content  of  nucleotides  and  proteins  diminishes  rapidly  for 
a  few  days.  At  the  end  of  about  two  weeks  the  protein  content 
is  at  its  lowest.  Then  an  increase  in  nucleolar  density  indicates 
returning  activity  and  cytoplasmic  nucleotides  begin  to  appear 
around  the  nuclear  membrane  four  or  five  weeks  after  the 
axonal  injury.  Later  the  cytoplasmic  masses  of  protein  (Nissl 
bodies)  appear  again  throughout  the  cell  body.  At  the  end  of 
10  to  20  weeks  the  cell  appears  normal. 

A  much  more  rapid  change  in  protein  content  of  the  cell 
body  takes  place  during  excessive  activity.  Exhausting  mus¬ 
cular  work  can  reduce  the  cytoplasmic  protein  content  of  a 
motor  ventral  horn  cell  to  one-third  its  normal  amount  in  a  few 
hours.  Strong  auditory  stimulation  has  a  similar  effect  upon 
sensory  cells  in  the  cochlear  ganglion.  Both  show  rapid  re¬ 
covery  with  rest.  This  is  the  normal  structural  change  in 
over-active  cells.  Nerve  cells  seem  to  be  unique  in  their 
ability  to  produce  protein  rapidly  to  meet  functional  demands. 

There  is  no  reaction  of  the  surrounding  neuroglia  during  the 
axonal  reaction.  With  more  severe  nerve  cell  reactions  there 
is  an  increase  in  the  glial  cells  which  cluster  about  the  affected 


GENERAL  NEUROPATHOLOGY 


165 


nerve  cells  and  appear  as  satellites.  These  may  be  oligodendro- 
glia  or  microglia.  At  advanced  stages  of  neuron  degeneration 
they  appear  to  be  acting  as  phagocytes,  so  the  process  is  called 
neuronophagia.  The  presence  of  glial  reaction  and  its  type  are 
helpful  in  making  a  diagnosis.  For  example,  in  ischemic  soft¬ 
ening  the  satellite  cells  are  mostly  oligodendroglia,  whereas  in 
poliomyelitis  they  are  microglia. 

There  are  two  main  types  of  reaction  of  nerve  cells.  The 
first  is  characterized  by  swelling  and  chromalolysis.  At  first  it 
is  like  the  axonal  reaction,  but  goes  on  to  severe  change,  with 
vacuoles  and  fragmented  Nissl  bodies  in  the  cytoplasm  and 
basophilic  staining,  which  may  be  conspicuous  for  some  dis¬ 
tance  out  into  the  processes  of  the  cell  (“hyperchromatism”) 
making  them  unusually  conspicuous  in  specimens  stained  by 
Nissl’s  method.  Later  the  cell  and  nucleus  lose  their  outlines, 
become  necrotic  and  are  seen  only  as  shadows  in  a  circle  of 
satellites. 

The  second  main  type  of  nerve  cell  degeneration  is  a  some¬ 
what  slower  process  with  shrinkage  and  hyperchromatism  as 
early  and  conspicuous  features.  The  cytoplasm  loses  its  Nissl 
bodies  and  becomes  homogeneously  dark  and  glassy.  The 
nucleus  is  dark  and  then  disappears.  These  are  the  dark, 
shrunken,  pyknotic  cells  seen  in  many  chronic  degenerations, 
but  they  can  occur  quite  early  in  infarcts.  Another  common 
type  is  the  slow  increase  of  pigment  in  the  large  nerve  cells  that 
occurs  with  advancing  age.  In  senile  brains  the  increase  in 
lipoid  pigment  may  show  as  a  yellowish  vacuole  in  almost  every 
large  nerve  cell. 

Nerve  cells  may  react  to  inflammation,  toxin,  anoxemia,  etc., 
in  various  ways,  but  the  first  change  usually  seems  to  be  swell¬ 
ing.  The  angular  appearance  of  the  cell  body  is  lost,  it  becomes 
plump,  the  Nissl  bodies  become  disintegrated  into  dust-like 
particles  and  then  disappear,  the  nucleus  swells  and  the  nucle¬ 
olus  stains  darkly.  In  its  early  stages  this  is  the  reaction  that 
is  known  as  “cloudy  swelling”  in  other  tissues,  but  in  the 
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nerve  cell  the  changes  are  more  apparent  because  of  the  cells’ 
relatively  isolated  position  and  their  characteristic  normal 
shape.  A  conspicuous  feature  is  the  gathering  of  satellite  glia 
cells  about  the  disintegrating  nerve  cell.  In  the  more  severe 
intoxications  vacuoles  appear  in  the  cytoplasm,  the  nucleus  is 
pushed  to  one  side,  and  may  be  extruded.  Special  stains  will 
often  show  fat  droplets  in  the  cell.  Eventually  the  cell  dis¬ 
appears  entirely  and  its  axon  degenerates.  Reactions  of  this 
kind  are  found  in  acute  infection,  in  toxic  conditions  such  as 
alcoholic  polyneuritis  and  pellagra,  and  in  metallic  poisoning. 

Anoxia  and  hyperthermia  cause  a  different  kind  of  cell  change: 
after  a  short  stage  of  swelling  the  cell  becomes  glassy  in  appear¬ 
ance,  there  is  a  diffuse  staining  reaction  and  disappearance  of 
Nissl  granules.  The  cell  soon  shrinks,  becoming  dark  and 
pyknotic.  The  end  result  of  partial  asphyxiation  of  nerve 
tissue  may  be  the  finding  of  many  small,  dark,  homogeneously 
stained  nerve  cells  with  conspicuous  processes  and  many  satel¬ 
lite  glia  cells.  Neurons  vary  greatly  in  the  length  of  time  they 
can  withstand  anoxia.  In  the  cerebral  cortex  3  minutes  and 
10  seconds  without  oxygen  will  probably  cause  cell  degeneration 
that  is  irreversible,  whereas  in  the  spinal  cord  cells  can  appar¬ 
ently  withstand  up  to  15  minutes  of  anoxia  and  return  to  normal 
(see  Chap.  VII).  Insulin  shock,  by  decreasing  the  supply  of 
oxidizable  carbohydrate,  can  also  cause  asphyxiation  of  large 
numbers  of  cerebral  nerve  cells. 

Although  certain  diseases  like  amaurotic  idiocy  have  a  quite 
distinct  form  of  neuronal  degeneration,  no  perfectly  charac¬ 
teristic  differentiation  can  be  drawn  between  neuronal  reactions 
of  '‘inflammatory,”  “toxic”  or  “degenerative”  diseases.  More¬ 
over  these  various  changes  of  the  nerve  cell  have  been  described 
for  years  by  histologists,  but  it  is  only  within  the  last  three  or 
four  years  that  any  real  understanding  has  been  reached  of  the 
process  taking  place  within  the  nerve  cells.  New  methods  of 
making  photographs  by  ultraviolet  light  and  the  electron-micro- 
scope  are  beginning  to  reveal  the  chemical  and  physical 
changes. 
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The  three  main  categories  of  cells  in  the  central  nervous  sys¬ 
tem  may  be  arranged  in  the  order  of  their  vulnerability  to 
pathological  influences  as  follows:  (a)  neurons,  of  ectodermal 
origin,  most  vulnerable;  (b)  neuroglia,  of  ectodermal  origin,  less 
vulnerable;  (c)  connective  tissue,  of  mesodermal  origin,  least 
vulnerable.  In  most  cases,  if  the  brain  is  slightly  injured  there 
is  degeneration  first  of  myelin,  then  of  the  nerve  cells,  with  a 
reactive  proliferation  of  the  glia  cells;  with  a  more  severe 
injury  both  the  nerve  and  glia  cells  degenerate,  while  connec¬ 
tive  tissue  proliferates.  Finally,  with  very  severe  injury  there 
is  a  degeneration  of  all  three — complete  softening.  The  reac¬ 
tions  of  the  brain,  therefore,  are  different  from  those  of  other 
organs,  and  the  most  unique  are  those  of  the  neuroglia. 

GLIAL  TISSUES 

The  nerve  cells  of  the  brain  and  cord  are  not  supported  by 
connective  tissue,  like  the  parenchymatous  cells  of  other  or¬ 
gans,  but  by  interstitial  cells  called  glia  from  the  Latin  word 
for  glue.  Their  reactions  are  important  and  frequently  give 
to  the  histopathologist  much  information  concerning  the  type 
and  duration  of  a  morbid  process.  Little  was  known  about 
these  cells  until  special  gold  and  silver  impregnation  methods 
were  developed  in  the  laboratories  of  Ramon  y  Cajal.  (4) 
There  are  four  forms  of  glia:  (a)  ependyma,  (b)  macroglia  (proto¬ 
plasmic  or  fibrous  astrocytes),  (c)  oligodendroglia,  and  (d) 
microglia.  The  first  three  are  of  ectodermal  origin,  while  the 
last  comes  from  mesoderm.  The  ependyma  lines  the  ventricu¬ 
lar  system.  The  macroglia  provide  the  principal  interstitial 
tissue  for  the  support  of  the  neurons.  The  protoplasmic  astro¬ 
cytes  have  large  nuclei  and  many  cytoplasmic  processes  and 
are  largely  found  in  the  gray  matter.  When  they  divide  and 
proliferate  in  response  to  disease  of  the  cortex,  the  daughter 
cells  are  fibrous.  The  fibrous  astrocytes  are  better  known, 
because  they  are  most  easily  stained.  They  have  moderate 
sized  nuclei  and  many  long,  branching  processes;  they  are  nor¬ 
mally  present  in  greatest  number  in  the  white  matter  and  in 
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disease  processes  they  proliferate  to  form  the  conspicuous 
“spider  cells.”  The  macroglia  have  processes  going  to  neigh¬ 
boring  blood  vessels  and  ending  there  in  enlargements  called 
“feet”;  these  attachments  probably  act  as  a  support  to  the 
vessel  and  keep  the  perivascular  space  open,  but  by  some  they 
are  considered  as  indicating  that  the  glia  cells  have  a  nutritive 
or  secretory  function. 

The  oligodendroglia  are  small  neuroglial  cells  with  few  den¬ 
drites;  they  are  found  in  great  numbers  in  the  white  matter, 
arranged  in  rows,  and  in  the  gray  matter  where  they  are  often 
grouped  near  blood  vessels,  or  about  nerve  cells  as  “satellites.” 
Microglia  are  a  form  of  histiocyte.  As  the  name  implies  they 
are  small  under  normal  conditions;  they  have  scanty  proto¬ 
plasm  and  spiny  processes.  They  are  found  scattered  through¬ 
out  the  central  nervous  system  and  in  pathological  processes 
they  may  assume  a  phagocytic  role  and  become  greatly 
enlarged. 

From  the  pathological  standpoint  macroglial  cells  have  sev¬ 
eral  functions.  In  the  first  place,  they  carry  on  repair  after 
injury  to  the  central  nervous  system,  e.g.,  degeneration  of  the 
dorsal  tracts  in  tabes  is  followed  by  glial  replacement.  This 
replacement  of  destroyed  nervous  tissue  is  performed  by  the 
proliferation  of  the  astrocytes  and  the  laying  down  of  glial 
fibrils.  In  chronic  processes  the  scar  thus  formed  is  dense  and 
homogeneous  with  relatively  few  cell  nuclei  showing.  In  more 
acute  reactions,  such  as  early  infarcts,  there  are  many  plump 
astrocytes  with  fewer  fibrils. 

Occasionally  this  proliferation  of  the  astrocytes  may  start 
without  known  cause;  when  it  surpasses  normal  bounds  it  is 
called  gliosis,  and  may  resemble  tumor  formation  (glioma). 
The  best  example  of  this  is  in  syringomyelia,  where  there  is  a 
localized  gliosis,  usually  around  the  primitive  central  canal  of 
the  cord.  This  gliosis  may  interrupt  blood  supply,  and  thus 
cause  degeneration  and  more  gliosis;  finally  nerve  tracts  are 
interrupted  and  conduction  interfered  with.  Since  the  prin- 
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cipal  lesion  is  in  the  nerve  tissue  near  the  central  canal,  the 
fibers  most  affected  are  those  crossing  the  mid-line  to  go  to  the 
spino-thalamic  tracts.  These  carry  impulses  concerned  with 
pain  and  temperature.  The  lesion  of  syringomyelia,  therefore, 
causes  a  dissociation  of  sensory  perception.  The  etiology  of 
this  condition  is  probably  embryonal,  but  it  may  be  latent 
until  stirred  up  by  some  acute  process. 

According  to  the  researches  of  Morrison  (5)  one  function  of 
oligodendroglia  is  to  deposit  myelin  around  the  axons  during 
the  process  of  myelinization  early  in  life.  Their  function  in  the 
adult  brain  is  not  well  understood.  In  the  early  stages  of 
many  pathological  processes  oligodendroglia  react  by  acute 
swelling.  In  the  gray  matter  where  oligodendroglia  are  few 
and  cluster  about  nerve  cells,  they  become  more  abundant 
when  degeneration  is  taking  place,  and  may  help  in  the  removal 
of  the  dead  nerve  cells  (neuronophagia) .  They  are  satellites, 
but  do  not  seem  to  be  primarily  phagocytic  in  function. 

The  carrying-off  of  the  products  of  degeneration  in  the  cen¬ 
tral  nervous  system  (“Abtransport”)  is  also  another  important 
function  of  glia.  This  is  done  by  scavenger  cells  of  microglial 
origin  which  are  found  near  every  degenerative  brain  lesion. 
When  the  microglia  assume  a  phagocytic  role  they  first  become 
rod-shaped  and  then  globoid,  picking  up  degenerative  products, 
especially  broken-down  myelin.  This  detritus  is  carried  to 
the  perivascular  spaces,  and  may  be  absorbed  there  or  carried 
down  to  the  subarachnoid  space.  Fat  stains  and  the  silver 
stains  of  del  Rio-Hortega  bring  out  these  cells  especially  well. 
Synonyms  for,  or  sub-species  of,  scavenger  cells  are  “gilter”  or 
“lattice”  cells,  compound  granular  corpuscles,  “corps  granu- 
laire,”  myelophages,  etc.  When  growing  and  proliferating  in 
a  degenerating  area  microglia  may  become  relatively  enormous 
and  contain  large  fat  droplets  and  other  detritus.  They  may 
dominate  the  microscopical  picture  and  hide  almost  all  other 
cells. 
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TOXIC  AND  METABOLIC  DISORDERS 

The  volatile  organic  solvents  are  especially  toxic  to  the  ner¬ 
vous  system  (6),  partly  because  of  their  affinity  for  fat.  Most 
of  them  cause  widespread  disorder  of  the  nervous  system  if  ab¬ 
sorbed  rapidly  in  large  amounts,  causing  headache,  confusion, 
convulsions,  coma  and  other  severe  cerebral  symptoms.  If 
the  exposure  is  less  severe  and  chronic  the  symptoms  are  likely 
to  be  those  of  more  peripheral  involvement:  motor  cells  or 
sensory  cells  in  bulb  and  cord  or  peripheral  nerves.  Some  of 
them  are  remarkably  local  in  their  effects.  For  example, 
tri-ortho-cresyl  phosphate,  after  the  subsidence  of  acute  symp¬ 
toms,  leaves  a  degeneration  of  ventral  horn  cells  of  the  cord 
with  resulting  foot-drop  and  muscular  atrophy.  Carbon  tetra¬ 
chloride,  a  widely  used  solvent,  can  cause  acute  lethargy  and 
convulsions,  and  in  chronic  poisoning  a  sensory  involvement 
of  peripheral  nerves  with  numbness  of  the  hands  and  feet. 
Trichlor ethylene  in  long  continued,  mild  exposure  often  picks 
out  the  trigeminal  nucleus  and  causes  facial  anesthesia.  Car¬ 
bon  disulphide  affects  both  motor  and  sensory  nerves  with 
pain,  cramps,  and  muscular  atrophy,  mostly  of  the  legs.  These 
and  many  other  solvents  cause  much  damage  to  the  liver. 

Both  ethyl  and  methyl  alcohol  have  profound  effects  upon 
the  nervous  system,  and  both  also  may  cause  lesions  of  the 
liver.  Methyl  alcohol  has  a  special  predilection  for  the  optic 
nerve,  causing  degeneration  and  “wood  alcohol”  blindness. 
Both  alcohols  can  also  cause  peripheral  neuritis  in  other  nerves, 
but  in  the  case  of  ethyl  alcohol  this  is  probably  secondary  to  a 
dietary  deficiency  of  vitamin  B,  especially  thiamine. 

The  energy  metabolism  of  the  nervous  system  requires  the 
enzymatic  breakdown  of  glucose  and  glycogen  and  the  B  vita¬ 
mins  are  especially  involved.  Glutamic  acid  is  the  only  amino 
acid  that  is  utilized  in  the  metabolism  of  the  brain.  Liver  dis¬ 
ease  can  interfere  with  protein  metabolism  and  probably  spe¬ 
cifically  with  the  metabolism  of  glutamic  acid.  Adams  and 
Foley  (6)  suggest  that  the  enzymatic  reactions  in  which  glu- 
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tamic  acid  is  concerned  have  relation  to  the  removal  of  am¬ 
monia  from  the  blood.  In  liver  disease  this  function  may  be 
in  abeyance  and  excess  ammonia  reaching  the  brain  may  cause 
confusion,  coma,  and  convulsions  with  a  peculiar  motor  syn¬ 
drome  of  intermittency  of  innervation  and  changes  in  the 
electroencephalogram.  This  is  the  hepatic  coma  syndrome 
and  appears  to  be  due  to  a  diffuse  hyperplasia  of  protoplasmic 
astrocytes  in  the  cerebral  cortex,  basal  ganglia,  dentate,  and 
pontile  nuclei.  Heavy  metals  may  also  have  toxic  effects  on 
the  nervous  system.  Lead  is  by  far  the  most  common  agent, 
and  may  be  absorbed  by  inhaling  air  contaminated  with  volatile 
tetraethyl  lead  or  by  ingestion  of  lead  paint  by  mouth  in  in¬ 
fants;  both  cause  acute  encephalopathy.  More  chronic  inges¬ 
tion  often  causes  lead  neuritis  in  adults  with  muscular  weakness 
and  atrophy  especially  of  the  extensors  of  fingers,  thumb  and 
wrist.  This  is  the  common  picture  in  the  lead  poisoning  of 
painters.  In  children,  paralysis  of  the  legs  is  more  usual. 
The  pathological  picture  of  acute  encephalopathy  is  that  of 
marked  edema  of  the  brain  with  acute  degeneration  of  nerve 
cells  and  axones.  These  are  thought  to  be  due  to  interference 
by  lead  with  the  respiratory  enzyme  systems  of  the  nerve  cells 
and  thus  with  oxgen  transfer. 

Manganese,  by  inhalation  of  dust  in  factories,  has  been  known 
to  cause  degeneration  of  the  basal  ganglia  and  cortex  of  the 
brain  and  cirrhosis  of  the  liver.  Copper  in  abnormally  large 
amounts  has  been  found  in  the  basal  ganglia  and  liver  of  pa¬ 
tients  with  Wilson’s  disease.  This  is  not  due  to  ingestion  of 
copper,  but  to  an  inherited  defect  of  copper  metabolism  with 
an  amino-aciduria  (6). 

ENDOCRINE  DISORDERS 

These  certainly  cannot  be  separated  from  the  metabolic 
disorders  of  the  nervous  system,  of  which  they  are  a  part,  but 
they  make  a  convenient  group  for  discussion.  Some  of  the 
glands  of  internal  secretion  have  a  much  more  direct  effect 
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upon  the  nervous  system  than  others.  The  pituitary,  for 
example,  has  important  functions  in  controlling  the  autonomic 
nervous  system  by  way  of  the  adrenal  glands.  Reciprocally, 
they  influence  the  reactions  of  the  pituitary  through  the  hypo¬ 
thalamus  (see  Chap.  II).  The  indirect  effect  on  brain  and 
muscles  may  be  great,  as  in  hypopituitarism,  but  this  is  not 
generally  considered  to  be  in  the  field  of  neuropathology.  The 
parathyroid  has  a  more  direct  neurological  function  by  its 
maintenance  of  normal  concentrations  of  calcium  and  inorganic 
phosphorous  in  the  body  fluids.  Hypoparathyroidism  causes 
tetany  and  even  general  convulsions  because  of  the  increased 
irritability  of  nervous  tissue.  Hyperparathyroidism  may  act 
on  the  brain  by  uremia  or  hypercalcemia ;  peripheral  nerve  may 
become  less  excitable  than  normal.  The  thyroid  seems  to  be 
related  to  neurology  largely  by  its  effect  upon  muscles.  A 
severe  myasthenia  can  develop  in  hyperthyroidism,  but  this  is 
not  myasthenia  gravis.  Periodic  paralysis  is  known  to  occur  in 
association  with  it.  Treatment  of  the  thyrotoxicosis  may  cure 
the  periodic  paralysis.  Thyroid  disorder  is  so  often  associated 
with  progressive  muscular  dystrophy  and  dystrophia  myotonica 
that  there  is  probably  some  relationship.  In  fact  all  of  the 
familial  myopathies  seem  to  have  endocrine  factors  (see  page 
217)  although  the  relationships  are  not  understood.  The 
thymus  is  a  case  in  point:  thymoma  occurs  far  too  frequently 
in  myasthenia  gravis  to  be  explained  by  coincidence.  The 
lymphoid  hyperplasia  of  the  thymus  in  myasthenia  gravis  is 
often  quite  characteristic.  Removal  of  the  thymus  improves 
the  symptoms  of  myasthenia  in  more  than  half  the  cases.  All 
of  these  observations  are  inadequate  to  prove  a  relationship 
between  endocrine  glands  and  muscle,  but  they  are  decidedly 
suggestive,  and  it  is  probable  that  a  better  understanding  of 
the  chemistry  of  muscle  will  lead  to  an  explanation. 

LOCAL  VULNERABILITY 

The  theory  that  specific  vulnerability  of  the  nerve  cells  in 
certain  areas  of  the  brain  may  lead  to  localized  degenerations 
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has  been  advanced  by  Vogt  (7).  He  even  finds  lesions 
restricted  to  certain  cortical  laminae  within  special  areas  of 
the  cortex.  That  these  focal  lesions  may  be  due  to  peculiarities 
of  vascular  supply  rather  than  to  an  unknown  specific  affinity 
of  the  nerve  cells  for  a  hypothetical  toxin  has  been  held  by 
Spielmeyer  (8)  who  shows  that  there  may  be  just  such  focal 
necrotic  areas  in  the  cornu  ammonis  of  the  temporal  lobe 
for  example,  explainable  on  the  basis  of  less  arterial  supply  to 
the  necrotic  region.  The  work  on  angio-architecture  shows 
that  there  is  a  great  variability  in  the  blood  supply  to  the 
different  laminae  of  the  cortex,  and  to  the  different  nuclei  and 
tracts  of  the  brain  and  spinal  cord.  It  seems  reasonable  to 
suppose,  therefore,  that  many  focal  lesions  which  seem  to  have 
an  anatomical  topography  may  be  explained  on  the  basis  of 
special  blood  supply.  Either  an  especially  rich  blood  supply 
brings  to  certain  regions  a  great  dose  of  some  toxin,  or  a  scanty 
blood  supply  becomes  inadequate  when  the  number  of  red 
cells,  or  their  oxygen  content,  becomes  reduced.  It  must  al¬ 
ways  be  a  relative  matter,  for  in  all  probability  those  areas 
with  rich  capillary  beds  need  more  oxygen  to  supply  the  tissue 
than  those  with  less  blood  supply. 

Variations  in  blood  supply,  however,  will  not  explain  all 
the  peculiar  focal  lesions  that  are  found  in  the  nervous  system. 
Certain  toxins  have  remarkedly  specific  affinities,  for  example 
the  optic  neuritis  following  exposure  to  methyl  alcohol,  or  the 
trigeminal  anesthesia  after  inhalation  of  trichlorethylene. 
There  are  also  the  unexplained  “system  diseases,”  such  as  the 
degeneration  of  dorsal  roots  and  columns  in  tabes,  the  complex 
inherited  degenerations  found  in  Friedreich’s  ataxia,  and  the 
pure  motor  system  disorders  seen  in  progressive  muscular  atro¬ 
phy  and  amyotrophic  lateral  sclerosis.  These  are  pathological 
conditions  that  up  to  the  present  time  are  unexplained. 

PATHS  OF  INFECTION  TO  NERVOUS  SYSTEM 

Direct  trauma  fracturing  the  skull  may  open  the  way  to 
infection,  especially  through  the  ear  or  nasal  passages.  Even 
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an  incomplete  fracture  of  the  outer  table  alone  may  cause  in¬ 
fection,  for  the  diploic  veins  may  carry  organisms  inwards  to 
the  dura.  Ordinarily  the  dura  is  an  excellent  barrier,  but  if  an 
abscess  forms  extradurally,  pus  under  pressure  may  cause 
necrotic  penetration.  Such  accidents  to  the  spine  with  infec¬ 
tion  of  the  cord  are  rare. 

Blood-borne  organisms  not  uncommonly  account  for  infec¬ 
tion  of  brain  or  meninges.  For  example,  septicemia  may  cause 
meningitis,  either  by  direct  infection  through  meningeal  ves¬ 
sels,  or  by  way  of  the  choroid  plexus.  In  the  latter  case, 
ependymitis  would  be  the  first  stage,  with  meningitis  following. 
Another  common  example  is  multiple  abscess  formation  re¬ 
sulting  from  septic  emboli  following  bronchiectasis  or  lung 
abscess.  Thrombophlebitis  of  the  lateral  sinus  may  follow 
acute  otitis  media,  the  infection  coming  from  direct  extension  of 
thrombophlebitis  in  veins  of  the  mastoid  which  empty  into 
the  sinus.  Similarly  phlebitis  in  the  orbit  may  cause  throm¬ 
bosis  of  the  cavernous  sinus;  infections  of  the  orbit  or  face  are 
dangerous,  for  they  may  lead  to  meningitis  and  cerebral  ab¬ 
scess. 

Infections  of  the  nasal  mucosa  and  accessory  antra  are  often 
responsible  for  cerebral  infections.  Obviously  direct  venous 
drainage  from  these  areas,  or  erosion  of  bone  by  abscess  for¬ 
mation,  may  lead  to  purulent  extradural  abscesses  and  local 
meningitis.  This  may  spread  by  direct  extension  or  by  venous 
thrombosis  which  may  be  continuous  or  metastatic.  Thus  a 
focus  of  meningitis  may  develop  into  a  cerebral  abscess  directly 
under  the  infected  bone,  or  at  a  distance.  Otitis  media,  mas¬ 
toiditis,  and  frontal  sinusitis  are  the  usual  sources  of  such 
intracranial  lesions. 

The  meningococcus  apparently  reaches  the  brain  by  way  of 
the  blood  stream,  a  general  septicemia  with  this  organism 
occurring  at  the  onset  of  the  disease.  The  cocci  then  probably 
make  their  way  through  the  choroid  plexus  into  the  ventricles 
where  they  set  up  an  ependymitis  and  infect  the  cerebrospinal 
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fluid  which  passes  out  into  the  subarachnoid  space  and  causes 
meningitis.  Probably  the  meninges  are  also  directly  infected 
by  organisms  escaping  from  dilated  venules  in  the  pia-arach- 
noid  membrane. 

In  the  cord  lymphatic  infection  may  play  a  role;  there  is 
evidence  to  show  that  local  skin  infections  may  spread  along 
the  lymphatics  of  the  larger  nerve  trunks  and  enter  the  spinal 
canal  with  nerve  roots.  Extensive  bed-sores  have  thus  been 
known  to  give  rise  to  myelitis  in  the  segment  of  the  cord 
corresponding  to  the  lymphatics  entering  from  the  area  of 
decubitus.  Observations  on  local  diphtheritic  infection  of 
wounds  also  indicate  that  this  lymphogenous  route  is  of  great 
importance. 

It  has  long  been  known  that  rabies  virus  may  ascend  nerve 
trunks  to  the  cord,  but  whether  the  virus  travels  up  the  ax  ones 
themselves  (“intra-axonal  pathway”)  or  upwards  along  the 
spaces  between  the  fibers  in  the  interstitial  fluid  (“extra-axonal 
pathway”)  is  still  a  matter  of  debate.  Wright  (9)  favors  the 
latter  view,  giving  a  review  of  the  experiments  with  neuro¬ 
tropic  viruses.  He  reasonably  remarks  that  it  is  hard  to  con¬ 
ceive  of  any  physical  agency  that  could  propel  these  virus 
particles  for  a  distance  of  more  than  ten  times  their  own  di¬ 
ameter  every  second,  because  the  rate  of  ascent  is  known  to  be 
several  millimeters  an  hour. 

In  the  central  nervous  system  the  way  in  which  pathogenic 
agents  may  travel  has  also  been  a  subject  for  experimentation, 
with  disagreement  concerning  the  interpretation  of  results. 
The  spread  of  tetanus  toxin  along  the  cord  to  the  brain  is  well 
substantiated.  Also  a  great  deal  of  wrork  has  been  done  on 
the  spread  of  poliomyelitis  virus,  but  no  conclusive  evidence 
has  been  brought  forward  for  either  the  intra-axonal  or  extra- 
axonal  pathway.  The  use  of  radio-active  substances,  and 
careful  quantitative  methods  with  herpes  virus  have  made  it 
seem  much  more  likely,  however,  that  the  noxious  agent  ascends 
in  the  tissue  fluid  of  the  cord  and  brain.  Extracellular  and 
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extravascular  fluids  occupy  between  a  quarter  and  a  third  of 
the  whole  mass  of  the  spinal  cord.  Moreover,  the  cord  is  in 
constant  motion  during  life  due  to  the  vertebral  movements 
connected  with  respiration,  and  because  of  the  repetitive  im¬ 
pact  of  the  arterial  pulse.  The  virus  of  rabies  gains  entrance 
to  a  nerve  trunk  by  way  of  the  injury  caused  by  the  tooth  of 
the  biting  animal.  Injury  to  mucosa,  cornea  or  skin  may  give 
entrance  to  other  neurotropic  viruses.  In  herpes,  such  a  lesion 
is  the  herpetic  vesicle,  while  in  poliomyelitis  and  encephalitis 
lethargica  there  may  be  minute  lesions  of  the  mucosa.  There 
is  abundant  evidence  that  poliomyelitis  virus  may  enter  by 
way  of  the  gastro-intestinal  tract,  where  it  is  absorbed  and 
travels  along  nerves  to  the  spinal  cord.  Immediately  after 
tonsillectomy  it  is  easily  absorbed  by  the  granulating  surfaces 
in  the  throat  and  transmitted  to  the  brain-stem.  In  man 
this  virus  is  extraordinarily  neurotropic. 

Some  viruses  are  injected  by  insects  or  ingested  and  reach 
the  nervous  tissue  via  the  blood  stream.  Once  in  the  blood 
stream  there  are  three  possible  paths :  (a)  Visceral  lesions  cause 
infection  of  nerve  endings  and  the  virus  goes  to  the  brain  along 
nerves  and  spinal  cord.  ( b )  The  organisms  could  escape  from 
the  capillaries  into  the  tissue  spaces  of  the  brain  or  cord  and 
spread  along  the  perivascular  spaces  to  produce  the  well  known 
picture  of  perivascular  exudate;  (c)  they  might  escape  from  the 
veins  directly  into  the  perivascular  spaces. 

The  last  seems  the  most  probable,  for  the  slow  flow  and  thin 
walls  give  a  better  chance  for  infection  from  veins  than  from 
arteries.  It  is  unlikely  that  infection  spreads  upstream  from 
the  cerebrospinal  fluid  in  the  subarachnoid  space  into  the  peri¬ 
vascular  spaces.  Moreover  the  virus  of  poliomyelitis  does  not 
seem  to  be  present  in  the  cerebrospinal  fluid  in  anything  like 
the  concentration  in  which  it  is  found  in  the  blood. 
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Chapter  X 

THE  PERIPHERAL  NERVE  AND  NEURITIS 

The  term  'peripheral  nerve  is  usually  applied  to  the  nerve 
trunks  formed  from  cranial  and  spinal  roots,  and  to  all  the 
branches  of  these  trunks.  The  boundary  between  central 
nervous  system  and  peripheral  nerve  is  known  as  the  root- 
entry  zone.  It  can  be  arbitrarily  set  at  the  point  where  the 
axon  passes  out  of  the  pia-arachnoid  and  into  the  sheath  of 
Schwann.  This  point  may  be  close  to  the  surface  of  the  spinal 
cord  or  a  few  millimeters  peripherad,  close  to  t  he  dura.  It  is 
an  important  boundary  because  within  the  central  nervous 
system  there  is  little  or  no  regeneration  of  injured  axons, 
whereas  in  the  peripheral  nerve  there  is  good  regeneration. 
From  the  histological  point  of  view  the  difference  is  that 
within  the  central  nervous  system  the  myelin  sheath  on  the 
axon  is  continuous.  It  is  laid  down  in  the  embiyo  and  im¬ 
mature  organism  by  oligodendrocytes  which  remain  numerous 
in  the  vicinity  in  adult  life.  The  supportive  tissue  is  made  up 
of  astrocytes.  Peripheral  to  the  boundary,  the  myelin  sheath  is 
indentured  with  nodes  of  Ranvier  at  short  intervals  (1). 
Myelin  is  laid  down  in  both  embryo  and  adult  by  the  cells  of 
Schwann,  which  form  the  neurilemma!  sheath;  the  supportive 
tissue  is  fibroblastic. 

The  peripheral  nerves  are  made  up  of  many  axons  each  with 
its  myelin  sheath  and  outer  neurilemma  (sheath  of  Schwann). 
The  axons  are  gathered  together  in  bundles,  or  funiculi,  in 
which  the  individual  fibers  are  embedded  in  the  endoneurium. 
A  connective  tissue  sheath,  the  perineurium,  surrounds  each 
funiculus.  Many  of  these  are  bound  together  into  a  nerve 
trunk  by  the  loose  outer  epineurium,  which  may  contain  fat 
cells  and  blood  vessels  as  well  as  connective  tissue. 
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The  axon  is  the  long  process  of  the  nerve  cell,  made  of  axo¬ 
plasm  and  containing  long  fibrils.  The  axon  varies  in  diam¬ 
eter  from  1  to  10  micra,  the  larger  axons  being  those  with  the 
more  rapid  rate  of  conduction.  All  axons  are  surrounded  by  a 
layer  of  lipid,  in  the  fine  “non-myelinated”  fibers  this  may  be 
only  a  single  layer  of  molecules.  As  it  becomes  thicker,  it 
becomes  visible  by  means  of  conventional  stains,  and  such 
axons  are  said  to  be  myelinated.  The  myelin  sheath  is  made 
up  of  concentric  layers  of  protein  and  lipoid;  it  is  the  latter 
which  takes  on  the  Weigert  and  similar  stains.  The  sheath 
is  interrupted  at  intervals  by  the  nodes  of  Ranvier,  which  dip 
through  the  whole  depth  of  the  myelin  sheath  and  narrow  the 
diameter  of  the  axon.  Covering  the  whole  axon-myelin  struc¬ 
ture  is  the  neurilemma  or  sheath  of  Schwann.  This  is  com¬ 
posed  of  the  cells  of  Schwann  which  make  a  thin  fenestrated 
layer.  The  nuclei  he  along  the  myelinated  axons,  one  nucleus 
to  a  node.  They  are  the  cells  which  form  the  myelin  during 
development  and  regeneration.  Small  fibers  with  only  thin 
layers  of  lipid  have  no  nodes  and  are  covered  by  a  syncytium 
with  nuclei  similar  to  those  of  the  cells  of  Schwann. 

When  an  axon  is  cut  or  injured  there  is  complete  degenera¬ 
tion  of  both  axon  and  myelin  sheath  peripheral  to  the  wound. 
This  is  known  as  Wallerian  degeneration  (named  after  the 
English  physiologist  Waller  (1852).  Function  is  not  restored 
until  regeneration  takes  place.  Degeneration  of  the  larger 
axons  takes  from  two  to  three  weeks;  fine  axons  may  degenerate 
in  five  days.  The  process  as  seen  under  the  microscope  can  be 
divided  roughly  into  three  stages  (see  fig.  16) : 

1.  In  that  part  of  the  nerve  fiber  peripheral  to  the  injury,  the 
myelin  swells,  taking  on  the  Marchi  stain.  It  begins  to  be 
fragmented  into  balls.  The  axon  breaks  up  into  fibrils;  the 
neurilemma  (sheath  of  Schwann)  shows  proliferation  with  an 
increased  number  of  nuclei.  Centrally  the  nerve  cell  begins 
to  swell,  the  nucleus  becomes  excentric  and  there  is  chroma¬ 
tolysis.  This  is  the  beginning  of  the  axonal  reaction  (see  pg. 
164).  For  two  or  three  segments  above  the  injury  the  axon 
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and  myelin  sheaths  degenerate.  If  the  injury  is  a  cut  the 
cut  ends  of  the  nerve  draw  apart,  endoneurium  flows  out  and 
quickly  grows  fibroblasts  which  join  the  central  and  peripheral 


Fig.  16.  Diagram  of  Degeneration  and  Regeneration  after 
Interruption  of  Axon,  the  Sheaths  Remaining  Intact 


The  neuron  is  shown  much  shortened  between  ventral  horn  cell  and  periph¬ 
eral  nerve.  An  injury  such  as  freezing  or  pressure  is  presumed  to  have  taken 
place  in  this  stretch  of  axon  that  is  not  shown.  The  axon  is  of  large  calibre  so 
degeneration  is  relatively  slow.  After  one  week  the  axon  is  fibrillated,  the 
myelin  is  fragmented,  and  the  sheath  nuclei  are  proliferated.  At  three  weeks 
the  axon  is  destroyed,  the  sheath  cells  are  more  numerous,  some  balls  of  myelin 
remain.  At  four  to  six  weeks  the  myelin  is  all  phagrocyted  away  and  the  axon 
has  begun  to  grow  down  into  the  empty  sheath.  In  eight  to  ten  weeks  it  has 
reinnervated  the  muscle  (if  the  nerve  is  a  short  one)  and  myelin  is  being  de¬ 
posited  by  the  sheath  cells;  regeneration  is  advancing.  The  axonal  reaction 
upon  the  nerve  cell  is  shown  in  the  5  sketches  of  the  cell  body  on  the  left,  show¬ 
ing  swelling,  chromatolysis,  change  in  position  of  the  nucleus  and  gradual 
return  to  normal. 


stumps  with  a  mesothelial  bridge,  if  they  are  not  too  widely 
separated.  In  general  this  might  be  the  state  about  a  week 
after  injury. 

2.  At  about  three  weeks  the  central  stump  shows  marked 
degeneration  for  a  few  segments.  The  cell  body  is  at  the  height 
of  its  axonal  reaction:  chromatolysis,  peripheral  distribution  of 
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chromidial  substance,  eccentric  nucleus,  swelling  and  rounded 
outline.  In  the  peripheral  nerve,  below  the  cut,  the  axon  has 
disappeared.  The  myelin  has  broken  up,  some  of  it  has  been 
phagocyted  away,  but  the  Marchi  stain  is  still  effective  in  show¬ 
ing  the  remnants  of  degenerated  myelin  as  strings  of  irregular 
black  beads.  The  nuclei  of  the  neurilemma  proliferate  con¬ 
spicuously  and  the  endoneural  and  perineural  fibroblast  are 
not  only  bridging  the  gap,  but  are  proliferating  along  the  de¬ 
generating  nerve  (2). 

3.  At  four  to  six  weeks  the  central  retrograde  degeneration 
has  improved  somewhat.  The  severed  part  of  the  nerve  has 
become  an  empty  fibroblastic  and  neurilemmal  sheath,  because 
the  broken  up  axon  and  myelin  have  been  carried  off  by  phago¬ 
cytic,  neurilemmal  and  connective  tissue  cells  and  leukocytes. 

Regeneration  then  begins  if  conditions  are  favorable.  The 
body  of  the  nerve  cell  regains  its  normal  angular  shape,  the 
nucleus  becomes  central  and  the  chromidial  substance  returns 
to  the  size  and  distribution  of  Nissl  bodies  normal  for  that  cell. 
Growth  of  the  axon  then  begins  to  be  active.  According  to 
Weiss  this  is  a  function  of  the  cell  body  and  takes  place  near  the 
nucleus.  Axoplasm  is  formed  and  drains  out  along  the  axon 
towards  the  advancing  tip  in  a  constant  stream.  Thus  the 
regenerating  axon  is  pushed  out  by  protoplasmic  motion,  as  in 
an  amoeba,  rather  than  by  growth  (3).  The  tip  is  guided  by 
contact  with  linear  interfaces  of  fibrous  surfaces.  If  the  neuri¬ 
lemmal  sheaths  remain,  they  make  the  best  guiding  paths  to 
the  end  organ.  In  most  instances,  however,  the  peripheral 
nerve  sheaths  have  probably  degenerated,  shrunken  and  been 
replaced  by  proliferating  fibroblasts  from  endoneurium  and  peri¬ 
neurium.  These  make  good  interfaces  for  the  axon  and  if  they 
are  oriented  longitudinally  towards  the  end  organ,  the  axon 
may  proceed  at  a  rate  of  three  or  four  millimeters  per  day.  But 
if  the  fibroblasts  have  grown  out  into  an  irregular  criss-cross  of 
fibers,  as  is  often  the  case  at  the  site  of  injury,  the  advancing 
tip  of  the  axon  is  impeded.  When  it  strikes  a  fiber  at  right 
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angles  to  its  own  it  may  divide  into  two  tips,  and  then  sub¬ 
divide  into  many  more,  so  the  advance  is  greatly  delayed.  If 
the  fibrous  growth  on  each  nerve  stump  has  formed  a  network 
large  enough  to  make  a  visible  tumor,  it  is  called  a  neuroma, 
being  a  mass  composed  of  fibroblasts,  neurilemmal  cells  and 
wandering  axons.  This  is  fruitless  growth  and  frequently 
blocks  regeneration  into  the  peripheral  segment.  To  get  re¬ 
generation  in  such  cases  the  neuromas  have  to  be  surgically 
removed  from  the  distal  and  proximal  ends  of  the  separated 
nerve.  The  ends,  with  freshly  cut  surfaces,  are  approximated 
and  sutured.  Axons  can  then  be  expected  to  soon  find  their 
way  into  the  peripheral  neurilemmal  and  endoneurial  path¬ 
ways,  along  which  they  may  rapidly  advance. 

At  the  end-organ,  whether  muscle  or  sense  organ,  there  is 
another  delay.  The  newly  arrived  axon  has  to  make  proper 
connection  and  the  end-organ,  often  atrophied  by  disuse,  has 
to  develop  functional  capacity.  For  this  reason  a  denervated 
muscle  must  be  kept  in  the  best  possible  condition  by  massage 
and  passive  movement  until  re-innervation  takes  place.  After 
a  nerve-suture  sensory  fibers  may  travel  down  motor  pathways 
and  end  in  a  muscle,  or  vice  versa.  Such  growth  is  useless,  but 
enough  fibers  of  each  kind  usually  reach  appropriate  end- 
organs  so  that  adequate  function  is  restored.  If  axons  formerly 
going  to  one  muscle  reach  another,  function  is  at  first  confused 
until  the  new  arrangement  is  made  useful  by  a  trial  and  error 
type  of  learning.  Probably  perfect  function  never  returns  after 
section  of  a  large  mixed  nerve. 

Wallerian  degeneration  takes  place  whenever  the  axon  is 
interrupted,  by  whatever  means.  The  description  above  is 
typical  of  the  degeneration  and  regeneration  following  experi¬ 
mental  cutting  of  a  nerve.  Trauma  of  any  kind,  pressure, 
heat,  toxin,  infections  and  tumors,  may  interrupt  axons  and 
cause  Wallerian  degeneration.  When  degeneration  has  taken 
place  because  of  metabolic  or  toxic  damage,  the  axon  and  mye¬ 
lin  may  be  the  only  structures  to  degenerate,  leaving  empty 
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neurilemmal  sheaths  for  the  axons  to  grow  down  into.  In  such 
cases  regeneration  is  rapid  and  almost  complete,  with  excellent 
functional  results.  After  the  axon  has  reached  the  end-organ 
it  increases  in  diameter  throughout  its  length.  Finally  the 
neurilemmal  cells  provide  the  stimulus  and  some  of  the  in¬ 
gredients  for  myelin  formation.  Thus  a  matured  nerve  fiber 
again  innervates  a  functioning  end  organ. 

CHEMISTRY  OF  WALLERIAN  DEGENERATION 

It  is  only  within  recent  years  that  chemistry  has  begun  to 
explain  the  processes  going  on  within  the  nervous  system  in 
health  and  disease.  Because  Wallerian  degeneration  is  such 
a  well  described  process  histologically,  and  because  it  typifies 
so  many  neuropathological  reactions,  a  chemical  description  is 
given  here  to  compare  with  the  histological.  A  good  deal  is 
known  about  the  chemistry  of  this  form  of  nervous  degenera¬ 
tion.  Rossi  ter  (4)  gives  an  excellent  review  with  references. 

During  the  first  eight  days  there  is  loss  of  function,  loss  of 
the  essential  enzymes,  destruction  of  the  axon  and  fragmenta¬ 
tion  of  myelin.  For  the  first  three  days  the  axon  may  still 
conduct;  between  the  third  and  eighth  day  it  is  destroyed. 
With  breaking  up  of  the  myelin  there  is  decrease  in  the  concen¬ 
tration  of  neutral  fat.  With  the  loss  of  the  axon  there  is  a 
rapid  decrease  in  cholinesterase,  and  the  nerve  no  longer  syn¬ 
thesizes  acetylcholine.  The  activity  of  alkaline  phosphatase 
declines;  acid  phosphatase  increases  in  activity,  perhaps  be¬ 
cause  of  the  proliferation  of  the  cells  of  Schwann  and  of  the 
endoneurium.  There  is  also  an  increase  in  protein  phos¬ 
phorous. 

Between  the  eighth  and  thirty-second  days  there  is  chemical 
destruction  of  the  myelin  with  rapid  disappearance  of  lipids. 
The  proliferation  of  the  nuclei  of  the  cells  of  Schwann  reaches 
a  maximum,  and  with  this  comes  a  great  increase  in  the  nu¬ 
cleic  acid  of  the  whole  nerve.  There  is  increase  in  acid  phos¬ 
phatase,  nucleotidase  and  glucuronidase.  With  the  rapid 
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decrease  in  lipid  concentration  a  cholesterol  ester  appears,  due 
to  the  hydrolysis  of  the  lecithin  and  other  parts  of  the  myelin. 
Other  products  are  choline,  phosphate  and  galactose.  These 
changes  may  be  caused  by  enzyme  systems  within  the  macro¬ 
phages  and  cells  of  Schwann.  It  is  during  this  stage  that  the 
Marchi  stain  is  effective. 

After  thirty-two  days,  the  nuclei  of  the  proliferated  cells  de¬ 
crease  in  number  with  a  decrease  in  the  concentration  of  nu¬ 
cleic  acid.  Collagen  is  increased  greatly  in  the  endoneurium. 
The  process  has  reached  the  stage  where  the  empty  neurolem- 
mal  tubes  are  ready  to  receive  the  new  axons,  and  regeneration 
goes  forward  if  the  mechanical  conditions  are  favorable. 

NEUROPATHY  AND  NEURITIS 

These  terms  are  often  used  interchangeably;  accurately 
speaking,  neuritis  should  refer  to  pathological  changes  in  a 
nerve  due  to  invasion  by  microorganisms.  But  such  a  dis¬ 
tinction  is  difficult  to  carry  to  its  logical  conclusions,  so  we  will 
use  the  terms  as  if  they  were  synonymous. 

In  the  past  many  complex  classifications  have  been  made, 
and  many  lists  of  noxious  agents  which  may  cause  neuropathy 
have  been  compiled.  These  have  become  so  long  that  they 
have  little  significance.  It  is  better  to  study  the  experimental 
work  and  try  to  discover  some  general  principles  behind  the 
processes  that  end  in  neuropathy. 

Wallerian  degeneration  has  been  described,  the  illustration 
used  being  a  degeneration  following  pressure,  the  actual  cause 
being  the  shutting  off  of  blood  supply  and  anoxia  of  the  axon. 
A  sharp  blow  may  interrupt  function,  and  if  severe  enough,  is 
followed  by  a  bruise  and  edema  which  cause  a  few  or  many 
fibers  to  degenerate.  Stretching  a  nerve  may  also  cause  it  to 
degenerate.  The  nerves,  however,  can  stand  a  remarkable 
amount  of  stretch  if  no  blood  vessels  are  ruptured.  Severe 
cooling  interrupts  function  and  may  result  in  slight  degenera¬ 
tion;  freezing  causes  complete  degeneration,  usually  with  in¬ 
complete  regeneration. 
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Many  experiments  have  been  done  on  animals  to  produce 
neuropathy  by  deficiency  of  vitamins  in  the  diet.  These  were 
designed  to  discover  whether  or  not  the  neuropathies  in  such 
human  diseases  as  beri-beri,  pellagra  and  alcoholism  were  due 
to  vitamin  deficiencies.  The  evidence  is  overwhelmingly  in 
favor  of  accepting  this  explanation.  Deficiency  of  thiamine, 
pyridoxine  and  pantothenic  acid  have  all  been  proved  to  be 
followed  by  peripheral  neuropathy  (5) .  At  first  the  long  axons 
of  large  caliber  are  affected ;  motor  and  sensory  symptoms  occur 
before  histological  changes  are  visible;  then  degeneration  takes 
place  along  the  Wallerian  pattern.  If  replacement  therapy  is 
given  early  in  the  degenerative  process,  regeneration  may  be 
rapid  and  complete. 

Waksman  and  Adams  (6)  have  been  able  to  produce  an 
allergic  neuropathy  in  rabbits,  mice  and  guinea  pigs  which  is 
confined  to  the  peripheral  nervous  system.  It  is  due  to  an 
allergic  phenomenon,  and  is  produced  by  injecting  antigens 
composed  of  peripheral  nerve  plus  Freund’s  adjuvant.  There 
seems  to  be  a  difference  between  peripheral  and  central  myelin, 
because  animals  injected  with  antigens  made  of  central  nerv¬ 
ous  tissue,  developed  encephalomyelitis  but  not  neuropathy. 
Lesions  with  myelin  breakdown  and  axonal  degeneration  were 
found  especially  in  the  posterior  roots,  spinal  ganglia  and 
peripheral  nerves.  The  clinical  result  is  a  symmetrical  ataxic 
paresis  of  the  extremities  with  an  increase  in  protein  and  cells 
in  the  cerebrospinal  fluid.  This  has  important  resemblances 
to  the  human  disease  known  as  acute  idiopathic  polyneuropathy 
described  by  Osier,  Landry,  and  Guillain  and  Barr6,  but  of 
unknown  and  controversial  etiology. 

This  sort  of  experimental  wTork,  with  the  techniques  of  the 
immunologist,  the  chemist  and  the  pathologist  may  bring  some 
order  out  of  the  confusion  that  now  surrounds  the  concept 
“neuritis.” 

At  present  one  may  divide  the  neuropathies  into  some  prob¬ 
ably  significant  classes: 

Local  neuropathies  affect  one  or  a  few  nerves  on  one  side. 
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They  are  not  symmetrical  and  are  due  usually  to  local  injuries, 
or  local  infections  such  as  leprosy,  diphtheria  and  herpes. 
Injections  of  tetanus  antitoxin  may  cause  local  neuropathy. 
Of  these  local  causes,  trauma  is  by  far  the  most  common. 

Multiple  neuropathies  (polyneuritides)  are  due  to  general 
systemic  diseases.  They  cause  widespread  lesions  that  may  re¬ 
sult  in  enough  paralysis  to  be  fatal.  The  lesions  are  often 
rather  strikingly  symmetrical,  and  may  be  in  sensory  or  motor 
nerves,  or  both.  Some  of  the  more  common  causes  are  alcohol¬ 
ism,  diabetes,  diphtheria,  collagen  diseases,  arsenic  and  lead 
poisoning.  A  great  many  acute  and  chronic  febrile  diseases 
may  be  accompanied  by  neuropathy.  In  order  to  understand 
these  various  etiologies,  some  common  denominator  must  be 
found.  The  greatest  hope  of  explaining  the  processes  that 
lead  to  neuropathy  would  seem  at  the  present  time  to  lie  in 
the  field  of  enzyme  chemistry  (7).  Any  interference  with  the 
oxidative  chains  of  enzyme  reactions  seems  to  immediately 
jeopardize  nervous  tissue  (8). 
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TRAUMA 

“The  great  destroyer  of  the  nervous  system”  used  to  be 
syphilis.  Now  it  is  trauma.  The  swarms  of  swiftly  moving 
vehicles  on  our  roads  have  made  cerebral  injury  one  of  the 
most  important  problems  in  the  practice  of  medicine.  Doubt¬ 
less  it  was  a  problem  in  the  stone  age  and  in  the  age  of  chivalry, 
but  now  it  has  reappeared  as  a  great  pandemic  in  mechanized 
countries.  Anyone  working  in  a  large  hospital  is  aghast  at 
the  frequency  and  severity  of  the  cranial  injuries  due  to  auto¬ 
mobile  accidents.  Too  often  they  are  treated  merely  as  “skull 
fractures.”  Munro  (1)  has  emphasized  that  it  is  the  damage 
of  the  brain  that  is  all-important.  He  classifies  cerebral  in¬ 
juries  under  the  main  headings  of  concussion,  edema  and  con¬ 
gestion,  contusion  and  laceration. 

Concussion  is  well  defined  by  Trotter  (2)  as:  “An  essentially 
transient  state  due  to  head  injury  which  is  of  instantaneous 
onset,  manifests  widespread  symptoms  of  purely  paralytic  kind, 
does  not  as  such  comprise  any  evidence  of  structural  cerebral 
injury,  and  is  always  followed  by  amnesia  for  the  actual  moment 
of  the  accident.”  The  instantaneousness  and  transitory  nature 
are  here  emphasized,  which  distinguish  the  condition  from 
cerebral  contusion,  which  may  result  from  slow  pressure,  with¬ 
out  loss  of  consciousness,  although  the  pathological  lesions  of 
contusion  and  laceration  may  sometimes  accompany  concus¬ 
sion.  The  subject  under  discussion  here,  however,  is  concus¬ 
sion  that  shows  no  gross  or  microscopic  lesions  of  the  brain  at 
autopsy  a  few  hours  after  the  accident.  This  proviso  as  to 
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time  is  made  because  chromatolysis  of  nerve  cells  has  been  ob¬ 
served  beginning  fourteen  hours  after  concussion  and  pro¬ 
gressing  to  the  sixth  or  eighth  day.  These  changes  are  proba¬ 
bly  largely  reversible,  but  some  nerve  cells  may  be  destroyed. 

Denny-Brown  emphasizes  that  concussion  occurs  when  the 
head  is  thrown  suddenly  and  violently  into  motion  or  is  sud¬ 
denly  stopped  when  in  motion.  He  speaks  of  this  as  “accelera¬ 
tion  concussion”  and  shows  by  his  experiments  on  animals  I  hat 
it  occurs  regularly  when  a  pendulum  at  a  velocity  of  28  feet  a 
second  strikes  a  moveable  head.  Calculations  of  the  impacts 
that  caused  traumatic  amnesia  in  man  show  that  the  velocity 
was  24  feet  per  second  or  greater,  so  that  the  critical  speed  of 
acceleration  or  deceleration  is  probably  something  of  (  his  order 
of  magnitude. 

When  this  kind  of  concussion  occurs,  the  experiments  show 
that  there  is  a  sudden  brief  rise  of  intracranial  pressure  with 
condensation  of  the  substance  of  the  brain.  It  is  this  sudden 
physical  condensation  of  nervous  tissue  which  is  important. 
Electroencephalograms  show  that  there  is  a  short  explosion  of 
potentials  of  high  voltage  followed  by  a  prolonged  period  of 
decreased  electrical  activity  and  raised  threshold  to  all  stimuli. 
In  other  words,  there  is  a  sudden  intense  period  of  widespread 
nervous  excitation  followed  by  lack  of  response.  The  clinician 
might  correlate  these  with  the  “seeing  stars”  and  the  following 
paralysis  and  amnesia.  That  the  stimulus  and  following  inac¬ 
tivity  are  widespread  in  the  central  nervous  system  is  shown 
by  the  clinical  observation  of  paralysis  affecting  all  levels  from 
the  higher  “conscious”  mechanisms  to  the  vegetative  levels 
expressed  in  dilated  pupils,  apnea  and  vasoconstriction.  The 
electroencephalograph  shows  that  the  cerebrum  is  widely  af¬ 
fected,  and  Denny-Brown’s  observation  that  concussion  can 
occur  in  decerebrate  animals  proves  that  lower  centers  are  also 
involved. 

Edema  and  congestion  is  often  seen  at  operation,  but  seldom 
at  autopsy,  because  it  is  the  result  of  a  relatively  mild  injury 
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that  is  somewhere  intermediate  between  eoncussion  and  con¬ 
tusion. 

Contusion  is  essentially  a  bruise  of  the  brain.  The  cortex 
is  soft,  swollen  and  stained  purple  by  many  petechial  hemor¬ 
rhages.  Slight  contusions  may  be  limited  to  the  gray  matter, 
and  these  are  often  superficial  and  heal  quite  rapidly,  leaving 
shallow  yellow-stained  craters  of  gliosis  that  feel  harder  than 
normal  cortex.  They  may  be  confluent  and  make  the  cortex 
look  worm  eaten.  These  are  the  “plaques  jaunes”  found  com¬ 
monly  on  the  orbital  surfaces  of  the  frontal  lobes  and  about 
the  temporal  poles  in  persons  subjected  to  many  blows  on  the 
head  pugilists,  epileptics  and  alcoholics.  More  extensive  con¬ 
tusion  may  involve  the  white  matter.  Extensive  hemorrhages 
may  occur  in  the  softened  brain.  Healing  is  slow  with  diffuse 
gliosis  and  connective  tissue  repair.  But  this  is  often  inade¬ 
quate  so  a  cyst  may  remain,  partially  filled  with  fluid.  In 
some  cases  contusion  seems  to  start  a  progressive  gliosis  which 
continues  for  years  and  is  accompanied  by  slight  enlargement 
of  the  ventricles  and  clinical  signs  of  mental  deterioration  and 
epilepsy. 

Laceration  of  the  brain  is  the  result  of  a  still  more  severe 
injury,  usually  with  skull  fracture  and  tearing  of  the  meninges. 
There  is  much  hemorrhage  and  contusion,  with  loss  of  brain 
substance.  If  death  does  not  occur  immediately  repair  may 
take  place  with  the  formation  of  a  meningo-cerebral  cicatrix. 
The  subpial  wall  of  glia  is  broken  extensively,  letting  pial  con¬ 
nective  tissue  cells  proliferate  in  the  brain  substance.  The 
dura,  pia  and  cortex  may  heal  together  into  a  tough  scar  with 
poor  circulation,  new  vessels  making  their  way  largely  through 
dura  and  pia.  Vasomotor  nerve  supply  may  accompany  the 
dural  vessels,  and  give  more  chance  of  intermittent  vasocon¬ 
striction  than  in  the  normal  cortex.  This  plus  the  traction 
due  to  shrinkage  of  the  scar  makes  the  edge  where  the  scar 
meets  relatively  normal  cortex  likely  to  be  an  epileptogenic 
area  (see  Chapter  XII). 
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Birth  injuries  due  (o  moulding  of  the  skull  as  it  passes 
through  the  pelvic  canal  are  common  in  minor  degrees,  as  is 
attested  by  t  he  frequency  of  blood  in  the  spinal  fluid  of  infants 
examined  by  lumbar  puncture.  Most  of  these  slight  hemor¬ 
rhages  are  unimportant  and  lead  to  no  symptoms.  Occa¬ 
sionally  a  large  vein  is  torn  and  then  a  fatal  subdural  hemor¬ 
rhage  may  take  place,  or  hemorrhage  into  softened  brain,  for 
the  fetal  brain  is  extremely  friable.  If  the  child  lives,  healing 
is  likely  to  be  incomplete,  leaving  a  large  smooth  cavity  pene¬ 
trating  t  he  hemisphere,  sometimes  joining  the  ventricle.  These 
are  the  “porencephalic  cysts”  often  found  in  hemiplegic  chil¬ 
dren  with  epilepsy. 

A  much  more  common  cause  of  cerebral  injury  at  birth  is 
that,  due  to  asphyxia.  Failure  of  flic  child  to  start  breathing, 
pressure  on  the  umbilical  cord,  and  other  obstetrical  emergen¬ 
cies  may  cause  lack  of  oxygen  in  the  infant’s  brain.  These 
temporarily  blue  babies  may  suffer  a  great  loss  of  cerebral 
neurons  t  hat  will  only  be  expressed  in  symptoms  months  later 
wlu'n  the  child  fails  to  develop  normally  and  shows  motor  or 
mental  deficiency.  A  type  of  focal  asphyxia  is  especially  com¬ 
mon  in  the  temporal  lobes.  Moulding  of  the  head  in  the  birth 
canal  raises  intracranial  pressure  and  this  may  force  the  an¬ 
terior,  deep  mesial  edges  of  the  temporal  lobes  past  the  incisura 
of  the  tentorium,  cutting  off  the  blood  supply  for  long  enough 
to  cause  necrosis.  The  resulting  healing  process  with  gliosis 
causes  the  lesion  found  in  many  epileptics,  described  by  Pen- 
tield  (3)  and  called  by  him  “incisural  sclerosis.” 

Injury  to  the  spinal  cord  may  occur  at.  birth,  especially  in 
breech  deliveries.  Traction  exerted  on  the  body  to  hasten  the 
birth  of  the  after-coming  head  may  stretch  the  cord  to  the 
breaking  point  at  its  weakest  point.  This  is  usually  in  the 
upper  thoracic  region.  The  cervical  cord  is  well  anchored  by 
the  dural  bands  accompanying  the  large  cervical  nerves,  but 
the  thoracic  cord  has  small  nerves  with  only  slight  anchorage 
of  dura  to  bony  structure.  Therefore  the  upper  thoracic  cord 
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stretches  with  traction  and  may  be  partially  or  completely 
ruptured.  One  or  more  of  the  branches  of  the  brachial  plexus 
may  be  ruptured  also,  causing  a  local  peripheral  nerve  paraly¬ 
sis,  whereas  the  cord  rupture  causes  a  complete  paraplegia. 

An  important  part  of  most  injuries  to  the  brain  is  extravasa¬ 
tion  of  blood.  This  may  be  of  all  degrees  from  the  petechial 
hemorrhages  of  cortical  contusion  to  large  blood  clots.  Extra¬ 
dural  (or  epidural )  hemorrhages  usually  are  the  result  of  fracture 
of  the  skull  over  the  middle  meningeal  artery,  injuring  that 
vessel  directly  and  causing  a  clot  that  forms  fairly  rapidly. 
The  patient  may  recover  from  the  concussion  only  to  lapse 
into  unconsciousness  again,  as  a  result  of  the  increasing  intra¬ 
cranial  pressure.  Subdural  hemorrhage  (4)  is  more  common. 
It  usually  is  caused  by  rupture  of  the  small  veins  that  pass  from 
the  arachnoid  to  the  dura.  The  hemorrhage  may  occur  on 
the  side  of  the  injury,  beneath  the  point  of  contact,  or  on  the 
opposite  side  of  the  brain  (“contre  coupe”)  or  both.  Bilateral 
subdural  hematomas  are  not  rare.  These  hemorrhages  being 
of  venous  origin  are  slow  in  forming.  They  may  be  thin  and 
widespread  at  first.  Soon  the  clots  become  organized,  with  a 
layer  of  fibroblasts  from  the  inner  surface  of  the  dura  making 
a  membrane  over  the  hemorrhagic  mass.  If  this  is  thick 
enough  liquefaction  takes  place  at  the  center  and  a  situation 
may  be  set  up  whereby  the  clot  absorbs  fluid  through  the 
membranes  by  osmosis  and  swells,  causing  renewed  pressure 
weeks  after  the  injury,  with  progressive  paralysis,  coma  and 
(if  not  surgically  removed)  death.  Many  small  or  thin  sub¬ 
dural  hemorrhages  become  absorbed  and  organized  into  fibrous, 
yellowish  layers  seen  beneath  the  dura  years  later  at  autopsy. 

The  mechanism  of  contre  coupe  has  been  the  subject  of  much 
speculation.  Denny-Brown  (2)  has  shown  the  importance  of 
considering  the  acceleration  and  deceleration  of  the  head  in  all 
accidents.  It  is  clear  that  slowly  crushing  a  stationary  brain 
has  quite  different  effects  from  suddenly  stopping  a  rapidly 
moving  brain.  In  slow  crushing  a  lesion  is  more  local  and 
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consciousness  may  be  long  retained.  Suddenly  stopping 
a  rapidly  moving  head  usually  causes  concussion  with  imme¬ 
diate  loss  of  consciousness.  Added  to  this  there  may  be  cere¬ 
bral  contusion  or  laceration  varying  with  the  severity  of  the 
blow  and  amount  of  injury  to  the  skull.  The  skull  is  deformed 
not  only  where  it  strikes  the  opposing  object,  but  also  on  the 
opposite  side.  The  blow  may  cause  a  symmetrical  deforma¬ 
tion.  This  is  like  the  elliptical  golf  balls  shown  in  stroboscopic 
photographs  taken  at  the  instant  of  impact.  How  much  this 
sort  of  mechanism  accounts  for  contre  coupe  is  not  known. 
Probably  it  is  a  factor.  Another  factor  that  must  be  taken 
into  consideration  is  the  movement  of  the  brain  within  the 
skull.  During  acceleration  and  deceleration  of  the  head  the 
brain  may  rotate  and  press  forcibly  against  bony  prominences 
and  dural  barriers,  causing  contusion.  This  may  explain  the 
many  plaques  jaunes  on  the  orbital  cortex  and  on  the  temporal 
lobes,  because  blows  to  the  jaw  and  occiput  are  among  the 
commonest. 

Injury  to  the  spinal  cord  is  common,  especially  in  war,  air¬ 
plane  and  automobile  accidents.  Fractures,  dislocations  and 
combined  fracture-dislocations  of  the  spinal  column  are  the 
principal  causes.  These  injuries  are  commonest  in  the  upper 
vertebrae  (Ci  or  Ca).  According  to  the  severity  of  the  injury 
to  the  bone  the  cord  may  be  sheared  right  off,  crushed  or  con¬ 
tused.  Cord  concussion  also  occurs.  The  pathological  proc¬ 
esses  are  similar  to  those  described  for  the  brain,  but  injury  to 
the  circulation  is  more  critical  because  of  the  linear  shape  of  the 
cord  and  the  segmental  blood  supply.  A  local  crush  may  be 
followed  by  necrosis  up  and  down  the  cord  for  several  segments. 
After  six  or  eight  weeks  Weigert’s  stain  may  show  an  even 
more  extensive  secondary  degeneration.  As  in  the  case  of  the 
brain  the  important  thing  is  not  the  injury  to  the  spinal 
column,  the  “broken  back,”  but  the  injury  to  the  neurons  of 
the  cord.  Severe  fracture  may  sometimes  miraculously  spare 
the  cord,  and  complete  lesions  of  the  cord  may  occur  with 


SPECIAL  NEUROPATHOLOGY 


193 


relatively  insignificant  bony  damage.  Dislocation  may  cause 
contusion  and  even  severance  of  the  cord;  the  bones  may  then 
quickly  slip  back  into  place. 

CEREBRAL  ARTERIOSCLEROSIS 

Vascular  lesions  are  the  commonest  cause  of  cerebral  disease. 
Hardening  of  the  arteries  in  its  broadest  sense  is  the  fate  of  all 
people  who  live  long  enough.  Being  universal,  it  must  be 
looked  upon  as  a  normal  change,  but,  of  course,  where  normal 
ends  and  pathological  begins  is  an  open  question.  The  arteries 
of  the  heart,  kidneys  and  brain  are  the  common  locations  of  ar¬ 
teriosclerosis.  Sometimes  the  lesions  appear  in  mostly  one  lo¬ 
cation.  In  the  brain  the  lesions  are  often  restricted  to  the 
vessels  of  the  base.  Cerebral  arteriosclerosis  is  most  often 
accompanied  by  renal  involvement. 

Fisher  (5)  has  recently  given  a  good  summary  of  the  diseases 
of  the  cerebral  arteries.  I  follow  his  classification  in  general 
and  refer  back  to  Chapter  VII  for  a  more  detailed  description 
of  the  effects  of  various  vascular  lesions  upon  cerebral  blood 
supply. 

Atherosclerosis  is  the  commonest  lesion  and  causes  symptoms 
largely  by  cerebral  ischemia.  The  location  of  atheromatous 
.esions  seems  to  be  determined  by  mechanical  factors  to  some 
extent;  plaques  are  found  most  often  where  arteries  bifurcate 
or  branch,  or  make  short  curves.  A  favorite  site  is  where  the 
internal  carotid  leaves  the  common  carotid  artery.  The  whole 
basilar  system  including  the  circle  of  Wjllis,  where  there  are 
many  turns  and  branchings,  is  an  area  of  predilection.  The 
atherosclerotic  plaque  gradually  encroaches  on  the  lumen  of  the 
vessel  and  eventually  thrombosis  occurs  with  infarction  of 
cerebral  tissue  in  the  areas  of  stasis.  This  may  be  both  cen¬ 
tral  and  peripheral  to  the  block.  Centrally,  the  clot  may  build 
up  and  occlude  branches  of  the  main  artery.  The  amount  of 
stasis  depends  on  the  number  of  anastomosing  vessels  and  the 
blood  pressure.  Peripherally  the  blood  that  clots  in  the  small 
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terminal  brandies  may  be  organized  into  tough  white  threads 
(  hat  stand  out  in  the  softened  nervous  tissue. 

Emboli  from  atheromatous  plaques  must  also  be  considered 
as  factors  in  peripheral  occlusion.  A  plaque  in  (lie  wall  of  a 
large  artery  may  become  necrotic  and  throw  off  detritus,  or  a 
clot  may  form  on  a  plaque  and  be  detached  into  the  blood 
stream.  Thus  the  primary  infarction  from  a  thrombus  may 
lead  to  a  progressive  spread  of  softening,  and  a  “stroke”  at 
first  considered  focal  may  lead  to  death. 

Hypertension,  taken  as  a  disease  entity,  has  a  special  type  of 
lesion;  (here  is  early  hypertrophy  of  the  media  becoming  hya- 
linized  as  time  goes  on.  In  severe  cases  the  vessel  walls  may 
become  necrotic  and  impregnated  with  fibrin.  Such  lesions 
may  In'  (lie  weak  spot  allowing  hemorrhages  to  occur  during 
high  blood  pressure. 

Aging  without  hypertension  causes  changes  in  the  vessel 
walls,  slight  thickening,  splitting  of  the  elastica,  enlargement 
of  (lie  vessel  and  redundancy.  With  age  there  also  appears  an 
increasing  deposit  of  iron  in  the  walls  of  cerebral  vessels.  None 
of  these  changes  appears  to  be  harmful  to  the  brain. 

Medial  sclerosis,  described  by  Monkeberg,  occurs  in  the  ca¬ 
rotid  arteries  and  may  cause  cerebral  softening;  it  is  occasion¬ 
ally  found  in  the  larger  arteries  at  the  base  of  the  brain.  Cal¬ 
cified  deposits  are  common  in  the  walls  of  (he  internal  carotid 
artery  as  it  passes  through  the  cavernous  sinus.  Erdheim’s 
cystic  medionecrosis  can  affect  carotid  arteries  and  cause  occlu¬ 
sion.  Aneurysm  is  discussed  below  under  subarachnoid 
hemorrhage. 

Arteritis  (the  reaction  of  the  vessel  wall  to  infection,  or  to 
chemical  or  allergic  agents)  may  cause  occlusion  and  cerebral 
symptoms.  The  examples  easiest  to  understand  are  those 
associated  with  septic  embolism  or  infection  of  the  meninges 
by  the  organisms  of  syphilis,  tuberculosis  and  influenza. 
Veins  too  may  be  infected  causing  venous  stasis  and  anoxia. 
Inss  well  understood  but  important  to  remember,  are  the  lc- 
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sions  of  cerebral  arteries  found  in  polyarteritis  nodosa,  lupus, 
rheumatoid  arthritis  and  other  so-called  collagen  diseases.  At 
present,  the  best  explanation  of  the  vascular  lesions  in  this 
group  of  diseases  is  that  they  are  due  to  sensitization  and  aller¬ 
gic  reaction,  but  this  is  not  yet  proved.  The  lesions  of  chorea 
minor  may  belong  to  this  group  (see  pages  81  and  216). 

Arteriosclerosis  may  be  focal  in  its  effect  on  the  brain,  caus¬ 
ing  various  syndromes  according  to  the  physiological  mech¬ 
anism  affected.  Areas  of  relative  anoxia  and  infarction  give 
such  a  variety  of  symptoms  that  the  whole  range  of  topo¬ 
graphical  neurology  may  be  exploited  by  arteriosclerotic 
lesions. 


SENILE  CHANGES 

It  is  probable  that  any  person  living  beyond  the  age  of  80 
will  show  cerebral  atrophy,  but  the  age  of  onset  and  the  degree 
vary  greatly.  The  sulci  appear  wide  and  the  gyri  look  angular 
instead  of  plump.  On  section  the  gray  matter  is  less  atrophied 
than  the  white;  the  gray  is  darker  in  color  than  usual;  the 
ventricles  are  somewhat  widened  and  the  ependyma  may 
have  granular  excrescences. 

Microscopical  examination  shows  narrowing  of  the  cortex  by 
an  actual  loss  of  cells,  and  many  stages  of  neuronal  degenera¬ 
tion  can  be  found  from  moderate  pyknosis  to  severe  fibrillary 
changes  (of  Alzheimer)  in  which  the  neurofibrils  are  massed  in 
the  cell  body  in  darkly  staining  basket  forms  or  irregular  tangles 
with  bulbous  enlargements.  These  vary  in  number  from  none 
to  abundance,  the  temporal  lobe  being  the  commonest  site. 
No  lesion  can  be  called  typical  of  senility,  but  the  most  uni¬ 
versal  finding  is  the  senile  plaque,  a  small  structureless  collec¬ 
tion  of  fragments  and  fibrils  that  take  silver  stains  deeply  and 
show  as  annular  or  stellate  plaques  scattered  through  the  deeper 
layers  of  the  cortex.  The  area  just  around  them  is  usually 
devastated  so  the  plaques  are  conspicuous.  The  common 
annular  shape  has  led  to  the  theory  that  they  arise  about 
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degenerating  blood  vessels,  but  many  plaques  seem  to  have  no 
such  relationship.  Occasionally  elements  of  glia  cells  can  be 
made  out,  rarely  structures  that  look  like  remnants  of  nerve 
cells.  It  is  probable  that  the  plaques  are  formed  by  slowly 
degenerating  nests  of  glia  cells  which  had  previously  formed 
about  necrotic  tissue.  The  cerebral  necrosis  may  be  explained 
as  the  result  of  the  slowly  diminishing  blood  supply,  which 
makes  up  the  general  pictures  of  senile  change  in  the  body  as 
a  whole.  Whether  this  is  to  be  considered  a  biological  process, 
or  whether  senility  is  the  aggregate  of  a  lifetime  of  pathological 
processes,  is  a  matter  of  speculation;  probably  the  former  is 
abetted  by  the  latter. 

From  the  neurological  standpoint  extreme  old  age  brings  on 
certain  symptoms:  the  bent  back,  slow  gait,  expressionless 
face  and  tremor  are  so  common  as  to  be  accepted  as  the  rule, 
but  if  seen  at  the  age  of  55  or  60  they  would  be  diagnosed  as 
Parkinson’s  syndrome.  Likewise  the  psychological  defects 
such  as  forgetfulness  for  recent  events,  egocentricity,  stub¬ 
bornness,  the  tendency  to  reminiscence  and  repetition  describe 
what  one  recognizes  as  senility  of  mind.  When  such  symp¬ 
toms  occur  in  the  forties  and  fifties  they  are  distinctly  patho¬ 
logical.  Certain  cases  are  severe  and  rapidly  go  on  to  dementia 
showing  at  autopsy  areas  of  atrophy  and  gliosis  in  the  associa¬ 
tion  areas,  not  the  motor  and  sensory  and  projection  areas, 
without  accompanying  arteriosclerosis  (Pick’s  syndrome).  An¬ 
other  possible  finding  might  be  a  diffuse  cortical  degeneration 
with  great  loss  of  nerve  cells,  many  of  which  show  fibrillary 
degeneration  (Alzheimer’s  syndrome).  All  sorts  of  variants 
occur  between  these  extremes  and  the  normal  senium.  Arterio¬ 
sclerosis  is,  of  course,  a  factor  in  all  ageing  processes,  but  when 
it  is  the  main  lesion  it  causes  much  more  focal  destruction  than 
the  true  senile  degeneration. 

CEREBRAL  SOFTENING  (ENCEPHALOMALACIA) 

Infarction  of  the  brain,  as  in  other  organs,  is  caused  by  cut¬ 
ting  off  the  oxygen  supply  to  the  tissue,  either  through  occlu- 
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sion  of  the  arteries  (thrombosis,  embolus)  or  by  occlusion  of 
veins  with  resulting  congestion,  stasis  and  cessation  of  oxygen 
supply  to  the  capillary  bed.  Asphyxia  at  first  causes  a  marked 
dilatation  of  the  small  vessels,  their  walls  becoming  more 
permeable.  This  may  cause  edema  and  finally  diapedesis  of 
red  cells  with  “red  infarction.”  Embolic  occlusion  of  an  artery 
is  the  usual  cause.  Infarcts  due  to  arterial  thrombosis  are 
rarely  red.  Venous  thrombosis  as  a  cause  of  such  lesions  should 
be  remembered  as  a  possibility  for  it  is  often  overlooked  in  the 
search  for  an  arterial  occlusion.  The  extravasations  due  to 
venous  thrombosis  are  usually  multiple,  often  confluent,  and 
always  perivascular.  They  are  usually  in  the  gray  matter. 

Slight  changes  in  the  tissue  may  result  from  temporary 
arterial  occlusion;  Spielmeyer  (6)  considered  them  to  be  the 
result  of  vascular  spasm,  and  has  adduced  much  excellent 
evidence  to  support  his  theory.  The  lesions  are  difficult  to 
see  at  autopsy,  for  the  only  sign  of  them  is  a  slight  pallor  of 
the  gray  matter  with  indistinctness  of  the  line  between  white 
and  gray.  Stained  specimens  taken  from  these  areas,  however, 
show  to  the  naked  eye  a  distinct  pallor  and,  under  the  micro¬ 
scope,  marked  changes  in  the  nerve  cells;  the  nuclei  become 
either  swollen  or  pyknotic,  the  Nissl  granules  scatter  to  the 
periphery,  decrease  in  size,  or  disappear;  the  cytoplasm  of  the 
cell  may  swell  or  shrink,  and  sometimes  becomes  eosinophilic. 
In  other  words,  any  of  the  forms  of  ischemic  change  may  be 
found.  By  animal  experiments  it  has  been  determined  that 
severe  anemia  for  six  to  eight  minutes  will  cause  these  changes. 

Obvious  softening  of  the  cerebral  tissue  is  commonly  the 
result  of  infarction,  the  etiological  agent  being  arteriosclerotic 
or  syphilitic  occlusion  of  the  vessel,  thrombosis,  or  embolus. 
Two  or  three  of  these  factors  may  be  combined  in  a  single 
case  to  bring  about  the  occlusion.  In  old  age,  thrombosis  is 
very  common  and  may  be  single  or  multiple.  Emboli  account 
for  a  larger  proportion  of  the  cerebral  infarcts  of  young  people, 
but  they  are  actually  more  common  in  the  old.  Infarcts  may 
be  quite  acute  in  onset,  and  more  “shocks”  are  due  to  them 
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than  to  hemorrhage.  If  the  patient  survives  this  aeuto  phase, 
the  actually  asphyxiated  tissue  degenerates  and  is  replaced  by 
glia,  or,  when  the  softening  is  large,  the  center  of  the  necrotic 
area  breaks  down  entirely  and  becomes  a  cavity  filled  with 
fluid  and  lined  with  a  glial  and  fibrous  wall.  (Ira  dual  sclerotic 
occlusion  of  the  larger  arteries  may  cause  a  slow  degeneration 
arid  gliosis  of  large  areas  of  the  cerebrum.  The  occurrence  of 
a  cerebral  vascular  occlusion  in  a  young  person  should  always 
lead  one  to  suspect  syphilitic  or  other  active  ondarteritic  proc¬ 
esses  (see  Ch.  VII). 


MYELOMALACIA 

Infarction  is  less  common  in  the  spinal  cord  than  in  the  brain- 
It  occurs  rarely  from  arteriosclerosis;  more  frequently  it  is 
caused  by  trauma  or  arachnoiditis  which  injures  the  pial 
arteries  with  resulting  thrombosis.  The  arachnoiditis  may  be 
due  to  organisms  such  as  the  meningococcus,  or  it  may  be  a 
sterile  chemical  arachnoiditis  caused  by  exogenous  toxic  ma¬ 
terial  injected  during  spinal  anesthesia  or  other  lumbar  punc¬ 
ture.  The  chemical  agent  at  first  sets  up  an  irritation  of  spinal 
roots  and  meninges  with  acute  symptoms  of  pain  and  headache. 
A  few  weeks  later  the  results  of  arteritis  appear  as  focal  soften 
ings  causing  paralysis. 

Trauma  is  the  commonest  cause  of  softening  of  the  spinal 
cord.  A  small  local  contusion  of  the  cord  may  injure  ascending 
and  descending  arteries,  resulting  in  extensive'  softening  for 
several  segments  above  and  below  the  injury.  'Phis  explains 
the  observation  that  many  traumatic  spinal  transactions  in  man 
leave  the  patient  not  with  exaggerated  reflexes  like'  an  experi¬ 
mental  spinal  animal,  but  with  reduceel  reflexes  and  more'  e>r 
less  flaccid  paralysis  (see  pages  85  and  95). 

CEREB RA  L  HE M  ORU1 1 A  Q E 

“Apoplexy”  is  a  term  that  includes  cerebral  “strokes”  from 
hemorrhage,  thrombosis  or  embolus.  The  common  belief  is 
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that  hemorrhage  is  the  most  common  cause,  but  this  is  not 
borne  out  by  autopsy  findings.  Cerebral  softening  is  three 
times  more  common  than  hemorrhage  as  a  cause  of  paralysis; 
as  causes  of  sudden  death  they  are  about  equal.  Moreover, 
there  are  several  kinds  of  cerebral  hemorrhage  not  at  all  reladed 
to  the  hemorrhagic  “stroke”  of  old  age,  which  is  usually  a  deep, 
intracerebral  hemorrhage . 

One  of  the  common  sites  is  the  striatum  where  an  artery  is 
prone  to  rupture  because  it  is  small  in  caliber  and  arises  from  a 
large  trunk  near  the  internal  carotid;  such  an  artery  receives 
the  sudden  changes  in  systemic  blood-pressure  with  undimin¬ 
ished  force.  Further  out  on  the  cerebral  arterial-tree  the  blood 
pressure  is  lower  and  changes  in  pressure  are  damped  down. 

The  picture  as  seen  at  autopsy  is  a  reddish  blood  clot  the 
size  of  a  walnut  or  larger,  lying  in  the  thalamus  or  basal 
ganglia  and  extending  to  the  internal  capsular  region.  Around 
it  is  edematous  brain  tissue.  Had  the  patient  lived,  this  clot 
would  have  been  liquefied  and  largely  absorbed,  leaving  only  a 
cavity,  walled  with  glia  and  stained  brownish.  Larger  hemor¬ 
rhages  frequently  occur,  and  may  break  into  the  ventricular 
system.  Small  hemorrhages  in  the  hind-brain  are  common 
and  often  fatal. 

Hemorrhages  within  the  substance  of  tho  brain  are  usually 
due  to  an  atheromatous  ulceration  of  the  intima  of  the  vessel 
wall,  with  or  without  aneurysmal  bulging.  This  is  a  weak 
point  and  may  rupture  if  the  blood  pressure  suddenly  rises. 

Subarachnoid  hemorrhage  is  not  uncommon  in  young  adults, 
and  is  caused  in  most  cases  by  the  rupture  of  a  congenital 
aneurysm  in  the  subarachnoid  space.  This  type  of  aneurysm 
occurs  at  the  points  of  bifurcation  of  cerebral  arteries  where 
there  is  a  weak  spot  in  tho  muscular  layer.  If  the  patient  sur¬ 
vives  one  attack  he  may  well  die  of  another,  for  tho  ruptured 
aneurysm  may  heal  only  to  rupture  again.  Moreover  thoso 
little  congenital  aneurysms  are  often  multiple.  Subarachnoid 
hemorrhage  may  occur  at  any  age.  In  older  persons  if  may  be 
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caused  by  arteriosclerotic,  rather  than  congenital  aneurysm. 
Both  atherosclerosis  and  medial  sclerosis  can  cause  a  vessel 
wall  to  weaken  with  a  dilatation  of  the  vessel  that  may  deserve 
the  name  of  aneurysm.  Rupture  may  cause  hemorrhage  into 
cerebral  tissue  as  well  as  into  the  subarachnoid  space.  Epi¬ 
dural  and  subdural  hemorrhages  have  been  discussed  under 
“Trauma.” 


ENCEPHALITIS  AND  MYELITIS 

Inflammation  of  the  brain  and  cord  may  take  various  forms, 
but,  as  stated  in  Chapter  IX,  nervous  tissue  reacts  in  a  similar 
way  to  many  noxious  agents.  Nevertheless,  there  are  certain 
broad  pictures  that  can  be  described  that  allow  a  classification 
of  the  encephalitides  on  sound  anatomical  grounds.  Where  it 
is  known,  of  course,  the  etiological  classification  is  best. 

Bacterial  encephalitis  will  be  discussed  under  “suppurative 
meningitis  and  abscess.”  When  an  abscess  of  the  brain  is  de¬ 
veloping  and  before  the  central  area  has  become  necrotic,  it 
could  be  described  perfectly  well  as  an  area  of  encephalitis. 
Meningitis  invading  the  brain  could  be  similarly  described; 
thus  when  meningococci,  pneumococci,  staphylococci,  or  strep¬ 
tococci  invade  the  brain,  encephalitis  of  this  sort  may  result. 
The  encephalitis  is  usually  of  secondary  importance.  In  rare 
instances  when  the  spread  of  infection  through  the  brain  is  un¬ 
usually  rapid,  encephalitis  may  be  the  main  picture.  Infec¬ 
tion  with  the  Treponema  pallidum  will  cause  a  widespread  en¬ 
cephalitis  as  described  under  dementia  paralytica  on  page  205. 
Many  other  organisms  are  known  to  invade  the  brain  from  the 
minute  rickettsia  and  brucella  through  the  common  cocci  and 
bacteria  to  the  more  complex  organism  such  as  plasmodia, 
trypanosomes,  yeasts,  fungi,  and  even  worms.  But  in  the 
United  States  these  forms  of  encephalitis  are  rare  and  exotic. 

Virus  infection  causes  most  of  the  encephalitis  in  the  tem¬ 
perate  regions.  The  clinical  pictures  are  variable,  but  the 
histological  reaction  is  characteristic:  in  the  perivascular  spaces 
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of  the  affected  areas  is  found  a  hematogenous  inflammatory 
reaction.  In  the  neighboring  nervous  tissue  there  is  a  diffuse 
hyperplasia  of  microglia.  In  acute  poliomyelitis  (infantile  par¬ 
alysis)  autopsy  reveals  a  somewhat  softened,  edematous 
spinal  cord,  which  on  section  is  pinkish  and  may  show  minute 
hemorrhages.  Microscopically  there  is  a  slight  degree  of  men¬ 
ingitis.  The  gray  matter  of  the  cord  stands  out  because  of  its 
many  dilated  vessels  and  because  it  is  more  or  less  diffusely  in¬ 
filtrated  with  lymphocytes.  Around  the  dilated  blood  vessels 
are  seen  perivascular  sheaths  packed  with  lymphocytes;  a  few 
plasma  cells  and  polymorphs  are  found.  The  nerve  cells,  es¬ 
pecially  those  of  the  ventral  horn,  are  found  to  be  greatly  de¬ 
generated.  All  stages  of  disintegration  may  be  seen — from 
early  swelling  and  chromatolysis  with  eccentric  nucleus  to 
vacuolation  and  loss  of  nucleus.  The  degenerating  nerve  cells 
are  at  first  surrounded  by  polymorphs,  which  are  later  replaced 
by  microglia. 

Although  encephalitis  lethargica  presents  an  entirely  differ¬ 
ent  clinical  and  epidemiological  picture,  still  a  microscopic 
specimen  from  an  acute  case  may  be  indistinguishable  from 
infantile  paralysis.  The  chief  difference  lies  in  the  distribution 
of  the  lesions,  infantile  paralysis  usually  attacking  the  cord, 
and  encephalitis  the  mid-brain.  Epidemics  of  poliomyelitis 
have  occurred,  however,  where  most  of  the  cases  had  lesions  in 
the  brainstem  with  many  deaths  from  bulbar  paralysis.  In 
encephalitis,  likewise,  certain  epidemics  seem  to  attack  the 
cord  or  even  the  peripheral  nerves.  A  comparison  of  the  two 
diseases  can  be  tabulated  as  follows: 


Infantile  paralysis  ( poliomyelitis ) 
Occurs  usually  in  summer 
Usually  epidemic 
Acute  clinical  course 
Easily  transmissible  to  monkeys 
C.S.F.  early  “polys,”  later  “lym- 
phos” 

C.S.F.  with  coagulum 

Lesions  chiefly  in  cord 

Polymorphs  common  in  acute  lesions 


Epidemic  encephalitis  ( lethargica ) 
Usually  in  winter 
More  sporadic 
Subacute  or  chronic 
Difficult  or  impossible 
Few  cells 

None 

Chiefly  mid-brain  and  basal  ganglia 
Rare 
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Great  perivascular  infiltration 
Great  nerve  cell  destruction 
No  changes  in  vessel  walls 


Less  marked,  mostly  in  gray 
Moderate  or  slight 
Common  chronic  changes 


Although  these  are  the  common  types,  others  are  known 
that  are  more  or  less  similar.  For  instance,  an  epidemic  in 
St.  Louis  was  due  to  a  virus  that  could  be  cultured  and  trans¬ 
mitted.  The  distribution  of  the  inflammation  was  much  more 
diffuse  than  in  lethargic  encephalitis,  affecting  the  cortex  and 
white  matter  of  both  the  cerebellum  and  cerebrum.  A  some¬ 
what  similar  disease  described  by  Japanese  workers  was  said 
to  have  been  reproduced  in  rabbits,  but  the  lesions  were  only 
such  as  might  have  been  caused  by  injection  of  foreign  protein, 
so  one  must  still  reserve  judgment  as  to  the  etiology  of  these 
forms  of  encephalitis. 

Many  patients  infected  by  the  virus  of  encephalitis  lethargica 
develop  Parkinson’s  syndrome  months  or  years  later.  This  is 
probably  due  to  chronic,  diffuse  lesions  in  the  brainstem  and 
striatum.  Small  blood  vessels,  motor  and  oculomotor  cells  are 
most  affected;  the  cells  may  show  inclusion  bodies  and  fibril¬ 
lary  degeneration.  Many  cases  of  “Parkinsonism”  have  no 
history  of  a  preceding  acute  encephalitis,  but  nevertheless  show 
these  lesions  at  autopsy.  It  is  probable  that  other  viruses  may 
be  the  cause  of  this  chronic  encephalitis  with  “Parkinsonism”. 
Paralysis  agitans,  the  tremor-rigidity  syndrome  described  by 
Parkinson  in  1817,  resembles  the  late  effects  of  encephalitis  but 
occurs  later  in  life.  The  onset  is  more  gradual,  the  tremor  and 
rigidity  are  less  violent,  and  the  eyes  are  not  affected.  It  is 
probably  a  degenerative  (sometimes  hereditary)  disease  affect¬ 
ing  the  motor  cells  of  pallidum,  putamen  and  substantia  nigra 
(see  pages  71  and  80). 

In  recent  years  there  have  been  instances  where  the  virus  of 
equine  encephalomyelitis  has  attacked  the  central  nervous  sys¬ 
tem  of  man.  The  disease  is  highly  fatal  and  is  probably  trans¬ 
mitted  to  man  from  horses  by  the  mosquito.  The  onset  is 
acute  with  convulsions,  focal  neurological  signs  and  coma. 
The  cerebrospinal  fluid  contains  several  hundred  cells  with  a 
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large  percentage  of  polymorphonuclear  leukocytes.  At  nec¬ 
ropsy  there  are  widespread  inflammatory  lesions  in  the  brain 
and  spinal  cord  with  multiple  small  areas  of  necrosis  simulat¬ 
ing  miliary  abscess.  The  virus  can  be  recovered  and  two  types 
are  recognizable  immunologically.  Yellow  fever  may  cause 
encephalitis. 

Lymphocytic  choriomeningitis  is  due  to  a  filtrable  virus 
which  is  best  grown  on  the  chorionic  membrane  of  the  chick 
embryo.  When  this  virus  attacks  man  the  symptoms  and 
signs  are  those  of  an  acute  or  subacute  meningitis.  The  cere¬ 
brospinal  fluid  contains  several  hundred  cells  which  are  almost 
entirely  of  the  lymphocytic  variety.  The  disease  is  only  rarely 
fatal.  There  is  a  moderate  degree  of  meningeal  infiltration 
with  lymphocytes  and  a  mild  degree  of  perivascular  infiltration 
within  the  central  nervous  system.  The  virus  of  mumps  may 
cause  a  somewhat  similar  and  usually  harmless  reaction. 

Rabies  may  have  lesions  in  the  brain  much  like  encephalitis 
lethargica  but  with  many  polymorphs  even  spreading  beyond 
the  perivascular  spaces.  At  times  the  reaction  is  very  local 
with  small  areas  packed  wdth  microglia.  These  are  known  as 
Babes’  nodules.  Specific  diagnosis  depends  on  the  finding  of 
Negri  bodies  in  the  ganglion  cells;  these  are  most  often  found 
in  the  cells  of  the  substantia  nigra  and  hippocampus.  The 
dorsal  root  ganglia  and  gasserian  ganglia  of  rabid  animals 
often  show  thickening  of  the  pericellular  capsules. 

Herpes  Zoster  may  be  mentioned  as  the  most  localized  in¬ 
fection  of  this  group,  having  lesions  in  the  dorsal  root  ganglia. 
It  could  be  designated  “posterior  poliomyelitis.”  The  skin 
lesions  are  characteristic,  but  may  be  found  in  “symptomatic 
herpes,”  for  any  irritation  of  the  dorsal  root  ganglia  may  cause 
skin  vesicles  in  the  peripheral  distribution  of  the  affected  roots. 
A  rare  disease,  acrodynia,  with  symptoms  referable  to  the  sym¬ 
pathetic  nervous  system  is  described  as  having  lesions  in  the 
lateral  horns  of  the  cord,  “lateral  poliomyelitis.”  Finally  some 
cases  of  peripheral  polyneuritis  seem  to  be  due  to  a  filterable 
virus  (see  Chapter  X). 
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NEUROSYPHILIS 


Advances  in  the  treatment  of  syphilis  have  made  neuro¬ 
syphilis  a  much  less  important  problem  than  it  was  twenty 
years  ago.  Nevertheless,  syphilis  still  remains  one  of  the  com¬ 
mon  causes  of  lesions  in  the  brain  and  spinal  cord.  The  older 
estimates  that  7  per  cent  of  the  population  has  syphilis  are 
certainly  too  high  for  the  United  States  and  with  modern  treat¬ 
ment  the  disease  is  rapidly  becoming  less  common.  Of  those 
who  do  have  syphilis,  approximately  18  per  cent  have  clinical 
evidence  of  neurosyphilis;  dementia  paralytica  accounting  for 
3  per  cent,  tabes  dorsalis  for  5  per  cent,  and  the  various  forms 
of  meningeal  and  vascular  neurosyphilis  for  the  remaining  10 
per  cent. 

There  are  three  main  ways  in  which  syphilis  causes  lesions 
of  the  central  nervous  system:  meningitis,  vascular  reaction 
and  parenchymatous  degenerations.  These  three  are  usually 
mixed;  it  is  rare  to  find  one  of  the  forms  alone.  In  order  to 
relate  graphically  the  syphilitic  lesions  to  clinical  syndromes, 
a  schema  may  be  arranged  as  follows: 


Neurosyphilis 


I. 

II. 


Meningeal 
Acts  by 
exudate 
Vascular 
Acts  by 
ischemia 


Meningo¬ 

vascular 


1.  Acute  meningitis 

2.  Chronic  meningitis,  usually  basilar 

cranial  nerve  palsies 

3.  Radiculitis 

4.  Myelitis 

5.  Cerebral  thrombosis 

6.  Gumma  (rare),  usually  meningeal 


with 


III.  Parenchymatous 
Acts  by  toxic 
degeneration 


1.  Optic  atrophy,  a  primary  degeneration  with 

little  meningitis 

2.  Tabes  dorsalis,  a  primary  degeneration  with 

more  meningitis 

3.  Dementia  paralytica,  a  primary  degenera¬ 

tion  with  marked  meningitis  and  vascular 
reaction 

4.  Muscular  atrophy,  chronic  anterior  polio¬ 

myelitis 
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IV.  Asymptomatic  Without  symptoms  and  found  only  by  ex¬ 

amination  of  the  cerebrospinal  fluid  which 
shows  the  typical  reactions,  often  a  pre¬ 
cursor  of  one  of  the  above  clinical  forms 

Acute  and,  subacute  meningitis  due  to  syphilis  is  a  relatively 
early  symptom,  occurring  as  a  rule  within  two  years  of  the 
primary  lesion.  In  the  acute  cases  there  is  a  pleocytosis  in 
the  spinal  fluid,  which  consists  of  lymphocytes,  large  mono¬ 
nuclear  cells,  and  a  few  “polymorphs”;  in  the  subacute  cases 
that  have  progressed  for  some  time  polymorphs  are  rare.  At 
autopsy  the  subarachnoid  space  is  filled  with  cells,  giving  the 
pia  mater  an  opaque  appearance.  In  the  acute  cases  the 
cellular  exudate,  when  examined  with  the  microscope,  is  com¬ 
posed  of  lymphocytes,  large  mononuclears  and  polymorphs. 
In  the  more  chronic  cases  plasma  cells  are  abundant  and 
polymorphs  are  rare.  The  exudate  is  seen  in  the  perivascular 
spaces  deep  in  the  parenchyma,  as  well  as  in  the  meninges. 
Vascular  changes  may  appear  later,  proliferation  of  the  intima 
and  media  resulting  occasionally  in  thromboses. 

These  chronic  meningeal  and  vascular  types  may  progress 
slowly  for  many  years,  one  symptom  appearing  after  another. 
The  lesions  are  focal  and  their  importance  depends  on  their 
anatomical  location.  Thrombosis  of  the  small  lenticulostriate 
artery,  for  example,  might  cause  hemiplegia,  whereas  a  larger 
artery  of  the  temporal  or  frontal  lobe  might  be  occluded  with¬ 
out  causing  any  symptoms.  A  meningeal  exudate  over  the 
cerebellum  may  be  present  without  clinical  symptoms,  whereas 
a  mild  basilar  meningitis  often  produces  very  serious  and  dis¬ 
abling  symptoms  by  involving  the  cranial  nerves. 

Dementia  paralytica  (paresis,  or  general  paralysis  of  the 
insane)  is  a  chronic  syphilitic  meningo-encephalitis.  Symp¬ 
toms  of  the  disease  usually  appear  between  five  and  twenty- 
five  years  after  the  primary  infection.  If  no  treatment  is 
given,  the  patient  runs  a  rapidly  downhill  course  with  progres¬ 
sive  dementia  and  in  the  terminal  stages  a  gradual  paralysis. 
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Formerly  all  cases  died  within  ten  years  after  the  onset  of 
symptoms.  There  were  occasional  temporary  remissions  and 
exacerbations  with  convulsions  or  focal  paralysis.  Modern 
treatment  can  prolong  the  remissions  in  most  cases  and  arrest 
the  disease  in  20  to  40  per  cent  of  patients  who  arc  diagnosed 
early  and  treated  adequately. 

At  the  autopsy  table  the  first  thing  noted  is  that  the  skull¬ 
cap  comes  off  with  difficulty,  because  of  the  thickened  and 
adherent  dura;  on  cutting  the  meninges  there  may  be  a  gush 
from  a  lake  of  fluid  where  the  cortex  is  atrophied.  The  pia- 
arachnoid  is  opaque  and  thickened;  it  strips  off  easily  in  some 
places  because  of  the  underlying  cortical  atrophy,  but  in  other 
places  it  is  adherent,  pulling  off  small  pieces  of  cortex  as  it 
peels  away.  When  the  brain  is  removed  it  is  found  to  weigh 
less  than  normal,  it  is  firm,  even  indurated,  and  is  in  no  sense 
“softened”  although  rarely  thromboses  may  cause  local  areas 
of  softening.  The  sulci  are  widened  and  deepened,  the  gyri 
being  atrophied.  The  atrophy  is  greatest  in  the  frontal  lobe, 
decreasing  in  intensity  toward  the  posterior  portions  of  the 
hemispheres,  but  in  late  cases  it  may  be  widespread.  The 
ventricles  are  moderately  dilated,  and  the  ependyma  is  fre¬ 
quently  thickened  and  roughened,  making  the  surface  of  the 
ventricles  appear  as  if  fine  sand  had  been  sprinkled  on  it. 
This  is  most  evident  in  the  fourth  ventricle,  causing  the  classical 
“granulations  of  the  fourth  ventricle.” 

Microscopically  four  principal  processes  may  be  recognized: 

(1)  Chronic  meningitis — both  dura  and  pia  are  thickened 

and  infiltrated  with  lymphocytes  and  plasma  cells. 

(2)  Chronic  degeneration  of  nerve  cells — this  is  the  most  con¬ 

spicuous  reaction  and  the  one  which  probably  causes 
the  progressive  dementia.  The  normal  cortical  archi¬ 
tecture  and  the  orderly  lamination  of  cells  is  lost. 
The  nerve  cells  are  decreased  in  number,  defective  in 
structure  and  irregular  in  position.  All  stages  of 
degeneration  may  be  seen;  the  destruction  is  wide¬ 
spread,  but  most  conspicuous  in  the  frontal  lobes. 
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(3)  The  blood  vessels  are  apparently  increased  in  number; 

their  normal  radiating  cortical  arrangement  is  com¬ 
plicated  and  broken  up  by  disorderly  new  vessels. 
Around  the  vessels  are  seen  masses  of  lymphocytes  and 
plasma  cells  in  the  perivascular  sheaths. 

(4)  There  is  an  increase  in  all  forms  of  glia  cells:  beneath 

the  pia  there  is  a  network  of  proliferated  macroglial 
fibrils;  “spider-cells”  are  found  near  the  vessels;  satel¬ 
lites  around  nerve  cells  give  the  appearance  of  neu- 
ronophagia.  Especially  characteristic  is  the  presence 
of  large  numbers  of  elongated  microglia  (rod  cells) 
which  are  scattered  throughout  the  atrophic  cortex. 
In  the  ventricles  the  ependyma  is  here  and  there 
raised  by  proliferated  subependymal  glia  to  form 
“granulations.” 

For  quick  diagnosis  the  Turnbull  blue  reaction  is  useful. 
It  shows  in  fresh  tissue  the  presence  of  iron  pigment  in  the 
walls  of  the  smaller  cortical  blood  vessels  and  in  the  microglia. 
This  is  practically  pathognomonic  for  dementia  paralytica. 
By  special  methods  spirochetes  may  be  demonstrated  in  the 
brain  tissue.  This  was  first  accomplished  by  Noguchi  and 
Moore  and  was  the  final  proof  of  the  syphilitic  origin  of  de¬ 
mentia  paralytica. 

When  a  nerve  cell  dies  its  axon  degenerates;  accompanying 
cortical  destruction  there  must  always  be  tract  degeneration. 
Since  the  cortico-spinal  tracts  have  a  continuous  course  from 
cerebrum  to  cord  there  is  often  spinal  cord  degeneration  in 
cases  of  paresis.  This  is  usually  more  marked  in  the  lumbar 
than  in  the  cervical  cord,  a  phenomenon  perhaps  due  to  a 
gradual,  peripheral  “withering”  of  the  axons  as  the  cell  body 
degenerates.  Also  there  may  be  a  diffuse  or  widespread  loss  of 
myelin  in  the  white  matter  of  the  hemisphere.  This  is  es¬ 
pecially  evident  in  the  cases  where  the  clinical  course  was 
characterized  by  the  occurrence  of  convulsive  seizures  and 
focal  signs. 

Tabes  dorsalis  (locomotor  ataxia )  is  essentially  a  symmetrical 
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affection  of  peripheral  afferent  neurons.  The  lesion  is  a  degen¬ 
eration  of  the  central  prolongations  of  the  dorsal  root  ganglion 
cells.  Just  what  the  mechanism  of  this  degeneration  may  be 
has  been  the  subject  of  much  controversy.  Striimpell  consid¬ 
ered  the  process  to  be  a  primary  toxic  degeneration.  Ober- 
steiner  considered  that  it  was  explained  by  meningitis  nipping 
the  root  just  as  it  enters  the  cord.  Marinesco  believed  the 
process  to  be  a  primary  degeneration  of  the  dorsal  root  ganglia. 
Nageotte  found  a  constant  focus  of  granulation  tissue  in  the 
minute  pocket  where  the  dorsal  root  pierces  the  dura,  and  be¬ 
lieved  that  spirochetes  at  this  point  (shown  by  Richter)  cause 
the  selective  degeneration.  Ingvar  explained  the  selective  de¬ 
generation  of  the  dorsal  columns  by  the  fact  that  the  surface 
fibers  of  the  dorsal  roots  are  the  ones  which  go  to  make  up 
the  long  tracts  of  the  dorsal  columns,  these  thus  being  the  first 
destroyed  by  the  chronic  syphilitic  meningitis.  According  to 
Buzzard  and  Greenfield  (7)  a  composite  theory  gives  the  best 
explanation,  and  it  must  be  remembered  that  toxins  may  have 
a  definitely  selective  action,  in  an  unknown  and  apparently 
arbitrary  way  destroying  some  fibers  and  sparing  others. 
Spielmeyer  accepted  this  idea  and  believed  that  the  syphilitic 
toxin  has  a  selective  effect  on  the  dorsal  tracts  and  sometimes 
on  the  optic  and  auditory  nerves,  just  as  methyl  alcohol  picks 
out  the  optic  nerves  or  as  lead  often  affects  only  the  extensors 
of  the  wrists  and  ankles. 

Whatever  the  exact  mechanism,  the  result  is  that  the  dorsal 
roots  degenerate  just  within  the  dura,  and  the  ventral  roots 
are  spared.  Since  all  the  entering  fibers,  except  those  carrying 
proprioceptive  stimuli,  have  immediate  relays  at  synapses, 
the  conspicuous  cord  degeneration  is  in  these  long  proprio¬ 
ceptive  fibers  of  the  dorsal  columns.  The  short  fibers  also 
degenerate  early,  but  since  they  plunge  quickly  into  the  gray 
substance  to  arborize  about  new  cells,  their  degeneration  does 
not  cause  tract  degenerations.  The  degeneration  of  those 
short  fibers  destined  for  the  dorsal  nucleus  (of  Clarke)  may 
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make  in  Weigert  preparations  a  small  clear  area  along  the 
edge  of  the  dorsal  horn  and  around  the  dorsal  nucleus.  Af¬ 
ferent  fibers  carrying  touch,  pain  and  thermal  stimuli  may  also 
be  affected  as  is  shown  by  the  common  segmental  skin  anes¬ 
thesias.  The  typical  symptom,  however,  is  ataxia  (loss  of 
sense  of  position)  of  the  legs;  with  this  always  goes  loss  of 
proprioceptive  reflexes  so  knee  jerks  and  ankle  jerks  disappear, 
and  the  muscles  lose  their  postural  reflexes  and  relax.  The 
bladder  reflexes  are  also  frequently  lost  when  sacral  roots  are 
involved,  so  urinary  control  is  impaired.  Pain  is  a  frequent 
symptom,  perhaps  due  to  active  irritation  of  the  spinal  roots 
or  possibly  an  involvement  of  the  sympathetic  cells  and  fibers. 
In  the  thoracic  cord  the  afferent  visceral  fibers  may  be  affected 
causing  the  violent  pain  of  "gastric  crises.”  In  the  late  stages, 
when  sensation  is  impaired  or  lost,  trophic  ulcers  of  the  toes 
and  fingers,  and  painless  joint  lesions  (Charcot  joints)  may 
occur. 

Not  only  are  the  afferent  fibers  of  the  spinal  cord  particu¬ 
larly  affected,  but  also  those  of  cranial  nerves.  Thus  optic 
atrophy  and  auditory  nerve-deafness  are  common.  One  of 
the  most  constant  signs  is  the  Argyll  Robertson  pupil,  i.e., 
a  myotic  pupil  which  contracts  when  the  eyes  converge  and 
accommodate  for  near  vision,  but  which  does  not  contract 
when  strong  light  is  suddenly  thrown  on  the  eye.  The  best 
explanation  of  this  phenomenon  is  that  it  is  caused  by  syphilis 
of  the  mid-brain  interfering  with  the  oculo-pupillary  mecha¬ 
nism. 

Examination  of  a  tabetic  cord  at  autopsy  reveals  thin,  gray¬ 
ish  dorsal  roots  and  a  flattened  cord  due  to  degeneration  of  the 
dorsal  tracts.  Microscopically  there  is  found  complete  de¬ 
generation  of  the  affected  roots  and  corresponding  dorsal 
tracts  and  a  replacement  of  the  nerve  fibers  in  the  degenerated 
tracts  by  glial  scar  tissue  (gliosis).  The  degree  of  meningitis 
is  slight. 

Although  tabes  dorsalis  and  dementia  paralytica  may  occur 
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together  (tabo-paresis),  they  are  usually  distinct  and  show  not 
only  different  symptomatology,  but  also  a  difference  in  the 
response  of  the  symptoms  and  the  abnormalities  in  the  cere¬ 
brospinal  fluid  to  treatment. 

SUPPURATIVE  MENINGITIS  AND  ABSCESS 

When  organisms  gain  access  to  the  subarachnoid  space  they 
quickly  cause  a  leptomeningitis.  Two  forms  commonly  arise 
from  general  septicemia,  meningococcus  (epidemic)  and  pneu¬ 
mococcus  meningitis.  Such  an  infection  shows  several  stages: 
a)  acute  congestion  of  the  pia;  (6)  proliferation  of  the  arach¬ 
noid  with  formation  of  large  mononuclear  cells ;  (c)  phagocyto¬ 
sis  of  organisms  by  polymorphs  and  of  detritus  by  mono¬ 
nuclears;  (d)  ventriculitis;  (e)  perivascular  exudate  slightly 
invading  brain  tissue;  (/)  thrombophlebitis  with  cerebral  soft¬ 
ening;  ( g )  increased  intracranial  pressure.  The  subarachnoid 
space  offers  little  resistance  to  the  rapid  spread  of  infection. 
In  fact,  the  cerebrospinal  fluid  is  an  excellent  culture  medium; 
its  movement  spreads  the  infection  and  there  is  no  adequate 
mechanism  for  the  walling-off  of  an  acute  process.  Therefore, 
at  autopsy,  in  cases  of  epidemic  meningitis,  macroscopic  exam¬ 
ination  of  the  brain  shows  a  diffuse  covering  of  the  hemisphere 
with  moist,  greenish-yellow  pus.  The  basal  meninges  are  also 
infected  and  sometimes  the  inflammation  will  be  most  evident 
in  this  region.  In  pneumococcus  meningitis  the  exudate  is 
whiter,  drier  and  more  fibrinous.  Microscopically  the  definite 
restriction  of  the  inflammatory  exudate  to  the  subarachnoid 
space  is  conspicuous.  Tuberculous  meningitis,  on  the  other 
hand,  shows  a  thick,  brawny  type  of  exudate,  unevenly  dis¬ 
tributed  with  occasional  scattered  tubercles.  Microscopically 
this  process  is  often  seen  to  invade  the  parenchyma,  causing  a 
meningo-encephalitis.  In  any  form  of  meningitis  death  may 
occur  from  pressure  caused  by  hydrocephalus,  cerebral  edema, 
or  infarcts  due  to  vascular  thrombosis. 

From  the  bacteriological  standpoint  there  are  three  main 
types  of  meningitis:  (a)  bacterial,  usually  from  meningococcus, 


SPECIAL  NEUROPATHOLOGY 


211 


influenza  bacillus  pneumococcus,  streptococcus  or  staphylo¬ 
coccus,  with  a  reaction  largely  of  polymorphs  in  the  cerebro¬ 
spinal  fluid;  (b)  granulomatous,  from  tubercle,  syphilis,  toxo¬ 
plasmosis  and  mycosis  with  a  lymphocytic  and  plasma  cell 
reaction;  (c)  viral  from  polio,  epidemic  and  other  encephalitides 
with  an  early  and  irregular  polymorph  reactions  and  later  a 
marked  lymphocytic  exudate  (see  table  on  page  201).  Com¬ 
mon  sources  of  the  secondary  type  of  meningitis  are  septic  foci 
in  the  skull,  sinusitis,  mastoiditis,  sinus  thromboses,  extradural 
abscesses,  etc.  infections  in  the  lungs,  especially  pulmonary  ab¬ 
scesses,  often  metastasize  to  the  brain.  Traumatic  injuries  to 
the  head  with  compound  fracture  of  the  skull  or  fractures  which 
extend  into  the  nasal  sinuses  or  the  mastoid  are  also  sources  of 
meningeal  infection. 

Pachymeningitis  or  inflammation  of  the  dura  is  usually 
localized  and  with  the  exception  of  that  due  to  syphilis  or 
tuberculosis,  is  the  result  of  osteomyelitis  of  the  skull  secondary 
to  trauma  or  infections  in  the  middle  ear  or  nasal  sinus.  As 
long  as  the  dura  prevents  the  spread  of  the  infection  to  the 
leptomeninges  or  the  brain  tissue  itself,  there  is  little  danger  to 
life.  Infections  of  the  dura  are  very  apt  to  lead  to  abscess 
formation  in  the  epidural  or  subdural  space  which  must  be 
removed  surgically.  A  more  serious  complication  of  infec¬ 
tion  to  the  dura  results  from  the  spreading  of  the  infection  to 
the  venous  sinuses  with  resulting  thrombophlebitis  which  may 
spread  inwards  and  cause  local  encephalitis  and  abscess. 
Thrombosis  of  the  lateral  sinus  may  lead  only  to  an  increased 
intracranial  pressure  due  to  an  interference  with  the  drainage  of 
blood  from  the  head.  Thrombosis  of  the  sagittal  sinus  gives 
rise  to  acute  damage  to  the  brain  tissue.  There  are  small  or 
large  ring-shaped  hemorrhages  into  the  superficial  layers  of  the 
cortex  due  to  the  distension  of  the  large  veins  draining  directly 
into  the  sinus  and  there  may  be  areas  of  demyelinization  and 
cell  loss  deeper  in  the  cortex  as  a  result  of  anoxemia  secondary 
to  impaired  venous  drainage. 

Localized  meningoencephalitis  is  in  no  way  different  from 
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early  cerebral  abscess,  the  processes  are  similar,  but  abscess  is 
chronic  and  localized,  although  it  may  at  any  time  break  into 
the  cerebrospinal  fluid  and  cause  a  spreading  meningitis.  Occa¬ 
sionally  abscesses  may  be  remarkably  chronic,  persisting  for 
many  months  without  overt  symptoms.  Abscesses  may  also 
form  deep  in  the  brain  tissue,  starting  as  an  encephalitis  of 
hematogenous  origin.  The  inflamed  area  gradually  breaks 
down  and  pus  forms  in  drops,  so  that  the  lesion  may  be  called 
either  suppurative  encephalitis  or  abscess.  This  is  the  critical 
stage.  If  the  fibrous  and  glial  tissue  reaction  produces  a  wall 
around  the  infection,  the  abscess  becomes  localized  and  may 
not  be  fatal;  if  on  the  other  hand  the  suppurative  encephalitis 
spreads,  the  fatal  termination  is  rapid.  Small  foci  of  inflam¬ 
mation  caused  by  blood-born  organisms  may  be  scattered 
throughout  the  brain;  if  these  cause  suppuration  the  result  is 
“multiple  abscesses,”  if  not,  it  is  “metastatic  encephalitis.” 
Obviously  the  distinction  is  an  arbitrary  one. 

The  walling-off  process  is  often  very  complete;  in  an  old 
abscess  there  will  be  (from  within  outward),  first  the  purulent 
liquefied  tissue;  secondly,  a  thick  layer  of  organizing  granula¬ 
tion  tissue,  which  is  composed  chiefly  of  connective  tissue, 
arising  from  the  new  blood  vessel  walls,  and  which  contains 
many  fat-laden  scavenger  cells.  Outside  this,  if  the  process 
is  old  enough,  is  the  third  layer,  which  is  made  up  of  pro¬ 
liferated  glia  of  all  sorts  often  with  fibrils  running  parallel  to 
the  wall  of  the  abscess.  The  blood  vessels  in  this  layer  also 
are  increased  in  number,  have  thickened  walls  and  perivascular 
spaces  filled  with  various  species  of  leukocytes. 

The  amount  of  inflammatory  reaction  in  the  cerebrospinal 
fluid  varies  with  the  position  of  the  abscess,  but  even  a  deep, 
walled-off  abscess  usually  causes  a  few  polymorphonuclear 
leukocytes  to  appear.  More  superficial  abscesses  will  cause  a 
greater  cellular  reaction,  but  in  either  case  culture  of  the  fluid 
is  sterile  unless  the  abscess  ruptures.  Then  the  cerebrospinal 
fluid  will  contain  thousands  of  polymorphonuclear  leuko¬ 
cytes  and  the  culture  will  be  positive.  Diffuse  inflammations 
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with  little  abscess  formation  are  likely  to  reach  the  brain 
surface  and  infect  the  meninges  and  cerebrospinal  fluid. 

ENCEPHALOPATHY  (NON-INFECTIOUS  ENCEPHALITIS) 

Anaphylactic  hypersensitivity  to  abnormal  proteins  is  the 
probable  cause  of  a  group  of  diseases  that  have  puzzled  neuro¬ 
pathologists  for  over  a  hundred  years.  Perhaps  the  term  “en¬ 
cephalitis”  should  be  reserved  for  known  infectious  diseases  of 
the  cerebrum,  and  these  reactions  should  be  called  “encephal¬ 
opathy.”  This  terminology,  however  correct,  has  not  come 
into  common  usage.  This  is  also  known  as  the  group  of  de- 
myelinative  diseases  because  the  loss  of  myelin  appears  to  be  an 
early  and  primary  lesion  with  relative  sparing  of  the  axons. 
In  all  of  them  there  is  focal  necrosis  of  nervous  tissue  beginning 
with  loss  of  myelin  and  progressing  to  destruction  of  all  ele¬ 
ments  of  the  nervous  tissue.  The  lesions  occur  in  the  begin¬ 
ning  near  small  veins  and  there  is  a  reactive  exudate  in  the 
perivascular  spaces.  The  process  is  much  like  that  described 
under  experimental  allergic  neuritis  (page  185).  The  closely 
related  “experimental  allergic  encephalo-myelitis”  may  be  the 
experimental  prototype  of  the  demyelinative  diseases  of  man 
(8),  of  which  the  four  principal  ones  are:  (1)  acute  disseminated 
encephalomyelitis;  (2)  necrotizing  hemorrhagic  encephalopathy 
(acute  and  subacute);  (3)  demyelinative  cerebral  sclerosis;  and 
(4)  multiple  sclerosis. 

Acute  disseminated  encephalomyelitis  is  characterized  by 
marked  demyelinization  distributed  conspicuously  along  veins. 
The  lesions  are  widely  scattered  in  both  brain  and  cord  and 
affect  almost  equally  white  and  gray  matter.  If  the  patient 
lives  long  enough  the  tissue  may  break  down  and  cause  great 
atrophy  of  the  brain  as  a  whole.  In  the  end  stages  a  histo¬ 
logical  diagnosis  is  difficult  to  make  because  of  the  widespread 
destruction.  Probably  the  disease  known  as  diffuse  encephalo¬ 
myelitis  is  nothing  more  than  the  late  stage  of  the  perivenous 
type,  where  the  extensive  lesions  have  coalesced. 

The  perivenous  lesion  is  the  type  that  occasionally  occurs 
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after  rabies  and  small-pox  vaccination,  or  with  measles, 
chicken-pox,  or  whooping  cough.  Early  cases  have  a  patho¬ 
logical  picture  consisting  of:  (a)  a  progressive  microglial  reac¬ 
tion  and  proliferation  about  the  veins  within  the  nervous 
tissue  and  beneath  the  pia  and  ependyma.  This  is  largely  made 
up  of  rod  cells  massed  so  as  to  resemble  a  syncytium,  (b)  A 
slight  infiltration  of  lymphocytes  and  plasma  cells  about  the 
veins  and  arteries,  (c)  A  destruction  of  myelin  in  the  areas  of 
microglial  reaction.  ( d )  Absence  of  reparative  process,  (e) 
The  lesions  are  found  about  the  large  veins,  e.g.,  in  the  cen¬ 
tral  white  matter  of  the  cerebellum.  In  the  cord  the  lesions 
are  mostly  about  the  coronal  system  of  veins  making  a  striking 
picture  of  radiating  areas  of  demyelinization  in  the  white 
matter. 

It  now  seems  to  be  proved  that  an  animal  can  develop 
sensitivity  against  its  own  necrotic  nervous  tissue.  Finley  (9) 
believes  that  the  formation  of  the  lesions  is  due  to  the  toxin  of 
the  exanthematous  disease  acting  on  cerebral  tissue  by  pro¬ 
ducing  an  allergic  condition,  in  some  such  way  as  it  acts  on  the 
skin.  He  gives  evidence  to  show  that  the  onset  of  the  en¬ 
cephalitic  symptoms  corresponds  with  the  height  of  skin  reac¬ 
tion,  and  the  incubation  period  of  the  local  and  general  eruption 
is  the  same  as  that  of  the  encephalitis. 

Much  experimental  work  now  indicates  that  these  lesions 
may  be  due  to  histotoxins  which  interfere  with  oxidation  proc¬ 
esses.  This  fits  in  with  the  allergic  theories  of  Finley  and 
others,  because  sensitization  reactions  may  cause  histotoxins. 
Several  investigators  have  been  able  to  produce  lesions  in  ani¬ 
mals  resembling  both  diffuse  encephalomyelitis  and  multiple 
sclerosis. 

Necrotizing  hemorrhagic  encephalopathy  is  characterized  by 
large  softened,  pinkish  areas  in  the  cerebral  white  matter, 
dotted  with  minute  hemorrhages.  Microscopic  examination 
shows  that  there  is  necrosis  of  the  walls  of  the  smaller  blood 
vessels,  with  ring-shaped  perivascular  hemorrhages  and  in- 
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flammatory  reactions  in  the  perivascular  spaces.  In  adjacent 
tissue  the  nerve  fibers  are  demyelinated  and  the  axons  show 
some  destruction  but  not  enough  to  explain  the  demyelination 
as  “secondary.”  Clinically  this  is  a  rapidly  progressive  and 
often  fatal  disease.  The  symptoms  are  varied  and  asymmetri¬ 
cal  and  masked  by  the  convulsions  and  coma.  The  cause  is 
unknown. 

Dcmyelinative  cerebral  sclerosis  is  a  relatively  rare  disease  first 
described  by  Schilder  in  1912.  There  is  widespread  degenera¬ 
tion  of  white  matter  of  the  cerebral  hemispheres,  both  in  the 
convolutions  and  in  the  central  tracts.  The  demyelination 
often  begins  in  the  occipital  region  and  spreads  forward.  The 
degeneration  involves  the  axons  early  and  is  more  severe  than 
that  of  multiple  sclerosis.  There  is  perivascular  infiltration 
with  lymphocytes,  plasma  cells  and  microglia.  Vessels  are  not 
severely  damaged.  Acute  cases  of  multiple  sclerosis  are  quite 
similar  pathologically. 

Multiple  sclerosis.  Multiple  or  disseminated  sclerosis  is 
now  one  of  the  commonest  chronic  diseases  of  the  central 
nervous  system.  It  appears  to  be  increasing  in  this  country, 
though  it  is  still  far  less  prevalent  than  in  some  parts  of  Europe. 

The  lesions  are  multiple;  the  foci  are  irregularly  scattered 
throughout  the  central  nervous  system.  The  symptomatol¬ 
ogy  may  therefore  be  extremely  variable.  The  clinical  diag¬ 
nosis  rests  upon  evidence  of  scattered  lesions,  often  appearing 
at  intervals  with  a  tendency  to  remission  and  exacerbation. 
The  regions  most  frequently  affected  are  the  lower  spinal  cord 
(causing  spastic  paraplegia),  the  optic  nerve  (causing  scotoma), 
and  the  vestibular  pathways  in  the  brain  stem  (causing  nystag¬ 
mus).  In  the  cerebrum  lesions  are  common  about  the  third 
ventricle.  From  a  pathological  standpoint  the  lesions  found 
in  all  these  locations  are  similar;  they  have  irregular  outlines 
and  correspond  to  no  local  anatomical  structures.  Old  lesions 
stained  by  Weigert’s  method  appear  circumscribed,  but  early 
lesions  have  no  sharp  margins.  Demyelinization  is  the  con- 
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spicuous  process;  the  axons  appear  to  hold  out  after  they  have 
lost  their  myelin  sheaths,  but  this  appearance  may  be  decep¬ 
tive.  In  recently  formed  patches  phagocytosis  of  the  myelin 
sheaths  may  be  observed;  the  phagocytes  are  mostly  mi¬ 
croglia  and  tend  to  accumulate  about  small  vessels;  poly¬ 
morphonuclear  leukocytes  are  rare.  Later  there  is  a  dense 
glial  overgrowth,  which  is  especially  evident  in  the  lesions  of 
the  white  matter,  but  sometimes  entirely  lacking  in  affected 
gray  matter.  These  scars  are  the  sclerotic  plaques,  easily 
distinguished  in  fresh  brain  and  cord,  and  give  the  disease 
its  name.  The  loss  of  function  is  due  to  interrupted  nerve 
conduction  partly  from  pressure  on  axons  in  the  acute  lesions, 
partly  to  a  diffuse  loss  of  axons  throughout  the  nervous  sys¬ 
tem,  and  partly  to  destruction  of  axons  in  the  sclerotic  plaques. 
It  is  difficult  to  draw  a  sharp  line,  on  the  one  hand,  between 
multiple  sclerosis  and  some  forms  of  acute  encephalomyelitis 
(especially  that  following  vaccination) ;  and  on  the  other  hand, 
between  multiple  sclerosis  and  certain  degenerative  diseases 
such  as  Schilder’s  cerebral  sclerosis,  which  affects  the  cerebral 
white  matter  and  runs  a  more  rapidly  fatal  course. 

Chorea  minor  (Sydenham’s  chorea)  is  probably  caused  by  a 
diffuse  encephalitis,  chiefly  of  the  mid-brain  and  basal  ganglia, 
but  also  involving  the  cortex.  The  pathological  picture  is 
superficially  similar  to  that  of  encephalitis  lethargica  in  its 
early  stages.  There  is  congestion,  diffuse  neuronophagia  and 
“round  cell”  infiltration  of  gray  matter,  a  mild  perivascular 
exudate,  occasional  thrombosis  and  slight  degree  of  meningitis. 
The  organism  is  probably  the  one  which  causes  the  endocar¬ 
ditis,  but  the  arthritis  and  encephalitis  may  be  an  allergic  re¬ 
action  thereto. 

SUBACUTE  DEGENERATION  OF  THE  SPINAL  CORD 

This  disease  is  also  known  as  “diffuse  combined  degeneration 
of  the  cord”  or  “combined  system  disease,”  but  it  is  in  no  sense 
a  true  system  disease.  It  is  a  diffuse,  symmetrical,  marginal 
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degeneration  largely  affecting  the  dorsal  and  lateral  columns. 
From  the  standpoint  of  etiology  it  is  important  to  remember 
its  almost  constant  association  with  pernicious  anemia,  but 
it  is  not  due  to  the  anemia  because  the  nervous  symptoms 
may  precede  the  blood  abnormality.  There  is  an  early  demy- 
elinization  often  preceded  by  visible  swelling  of  the  myelin. 
Later  the  axons  degenerate.  No  inflammatory  reaction  is 
observed,  but  great  numbers  of  scavenger  cells  may  be  found 
in  the  perivascular  spaces.  Glial  proliferation  is  scanty  and 
incomplete,  leaving  a  characteristic  honey-comb  appearance. 
The  gliosis  may  be  more  extensive  in  the  cases  that  received 
liver  therapy.  The  tracts  most  involved  are  those  in  the 
periphery  of  the  dorsal  column,  later  the  lateral  columns,  with 
their  spino-thalamic  and  corticospinal  tracts,  and  the  ventral 
columns  are  attacked.  The  dorsal  roots  may  be  affected  early 
in  the  disease  and  later  the  ventral  roots. 

In  pellagra  a  somewhat  similar  process  may  be  found  in  the 
cord,  but  there  is  more  gliosis.  As  in  subacute  degeneration 
the  long  tracts  are  especially  attacked.  Peripheral  neuritis 
and  dermatitis  may  occur  along  with  the  cord  lesions  of  these 
diseases,  so  the  picture  approaches  that  of  beri-beri  or  chronic 
alcoholism.  The  common  factor  seems  to  be  a  dietary  de¬ 
ficiency  with  lack  of  some  vitamin.  In  the  discussion  of 
neuritis  (Chapter  X)  the  pathology  and  pathogenesis  of  this 
group  of  diseases  is  further  considered. 

THE  MYOPATHIES 

The  diseases  which  appear  primarily  to  affect  muscle  are 
fortunately  rare,  but  because  they  render  their  victims  con¬ 
spicuous  cripples,  they  are  well  known  and  have  been  exten¬ 
sively  studied  from  the  descriptive  standpoint.  There  is  a 
mass  of  literature  on  muscular  atrophy  and  dystrophy,  myas¬ 
thenia,  myotonia,  amyotonia  and  the  like,  that  is  overwhelm¬ 
ing  to  most  medical  men  and  confusing  even  to  neurologists. 
When  the  obvious  data  (clinical,  pathological,  and  hereditary) 
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are  analyzed  and  coordinated,  when  they  are  reduced  to  their 
simplest  terms  and  arranged  in  the  form  of  a  chart  (see  Table 
2)  certain  biological  relationships  appear  that  are  probably 
significant  in  understanding  the  etiology  of  these  diseases. 

“Primary”  muscular  atrophy  is  a  term  usually  applied  to 
disorders  in  which  a  conspicuous  symptom  is  atrophy  of  mus- 


TABLE  2 


The  “Primary”  Muscular  Atrophies  and  Other  Genetically  Associated  Disorders 

Myasthenia  gravis  (Wilks,  Erb) 

Familial  periodic  paralysis  (Cavare) 

Myopathic . I  Progressive  muscular  dystrophy  (Erb,  Lan- 

douzy) 

Myotonia  congenita  (Thomsen) 

Dystrophia  myotonica  (Deleage) 


(Progressive  muscular  atrophy  (Duchenne) 
Amyotrophic  lateral  sclerosis  (Charcot) 
Progressive  bulbar  paralysis 


Neuropathic 


Infantile  muscular  atrophy  (Werdnig,  Hoff¬ 
mann) 

Familial  spastic  paralysis  (Striimpel) 
Hypertrophic  neuritis  (Dejerine,  Sottas) 
Cerebellar-spinal)  Peroneal  muscular  atrophy  (Charcot,  Marie, 
group  Tooth) 

Familial  arejlexia  (Roussy,  Levi) 

Familial  spinal  ataxia  (Friedreich) 

Familial  cerebellar  ataxia  (Marie) 

Familial  ataxia  with  optic  atrophy  (Behr) 


cles  with  no  known  cause  except  heredity  (10).  It  is  con¬ 
trasted  with  muscular  atrophy  of  known  cause,  such  as  the 
atrophy  following  nerve  injury  or  infantile  paralysis,  where  the 
atrophy  is  “secondary.”  In  Table  2  the  primary  muscle 
atrophies  are  listed  under  two  main  headings,  myopathic,  where 
the  main  lesion  is  in  the  muscle,  and  neuropathic  where  it  is  in 
the  nervous  system.  Some  authors  have  divided  the  myo¬ 
pathic  group  and  put  myasthenia  gravis,  periodic  paralysis  and 
myotonia  under  disorders  of  excitability  and  contractility 
(11):  others  suggest  that  the  myopathic  diseases  are  endocrine 
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or  metabolic.  These  are  important  points  in  understanding 
the  chemical  processes  causing  the  muscular  disorders,  and  it  is 
only  by  research  along  these  lines  that  a  true  understanding  of 
the  diseases  will  eventually  be  achieved.  But  these  refine¬ 
ments  of  study  do  not  actually  divide  the  group  because  clinical 
evidence  shows  that  the  syndromes  are  not  separable;  for  ex¬ 
ample,  myasthenia  gravis  occurs  in  cases  of  progressive  mus¬ 
cular  dystrophy,  and  periodic  paralysis  occurs  in  some  patients 
with  dystrophia  myotonica.  From  the  genetic  standpoint  it  is 
evident  that  the  group  forms  a  biological  entity. 

In  the  myopathic  group  the  incidence  of  endocrinopathy  is 
impressive.  Something  is  now  known  of  the  chemical  pathol¬ 
ogy,  and  this  brings  out  important  relationships  between  the 
different  syndromes  in  the  group.  No  constant  lesions  are 
found  in  the  nervous  system,  the  lesions  are  muscular  and  en¬ 
docrine,  and  they  are  probably  best  looked  upon  as  inherited 
metabolic  disorders. 

Myasthenia  gravis  is  a  disease  of  adult  life  in  which  easy 
fatigability  of  the  muscles  is  the  principal  symptom.  After  a 
relatively  small  number  of  contractions  the  muscle  becomes 
powerless.  The  muscles  of  the  face,  jaw  and  neck  are  most 
commonly  affected,  but  the  disorder  may  be  widespread. 
Before  the  discovery  of  the  prostigmine  treatment  the  disease 
was  usually  fatal  in  a  few  years.  The  evidence  for  considering 
myasthenia  gravis  an  inherited  disorder  is  indirect.  Rarely 
do  two  or  more  cases  appear  in  one  family,  but  endocrinopathy 
is  notably  inheritable  and  myasthenia  is  more  often  asso¬ 
ciated  with  disorders  of  the  glands  of  internal  secretion  than 
any  other  myopathy.  About  half  of  the  autopsies  show  hyper¬ 
trophy  and  degeneration  of  the  thymus.  A  few  cases  show 
hyperthyroidism,  but  it  should  be  emphasized  that  most 
cases  of  thyrotoxicosis  show  myasthenia.  Both  diseases  often 
have  lymphatic  hyperplasia,  lymphorrhages,  lymphocytosis, 
low  carbohydrate  tolerance  and  creatinuria.  The  pituitary 
and  adrenal  are  occasionally  involved.  The  administration  of 
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prostigmine  improves  muscular  strength  because  it  inhibits  the 
action  of  cholinesterase  at  the  myoneural  junction  and  thus 
prolongs  the  action  of  acetylcholine.  Quinine  makes  the 
symptoms  worse. 

Myotonia  congenita  is  an  interesting  disorder  because  in 
many  ways  it  is  the  exact  opposite  of  myasthenia.  Myotonia 
is  rare  as  a  separate  disease,  usually  being  associated  with  one 
or  another  of  the  myopathies,  especially  dystrophia  myotonica. 
When  alone  it  is  called  Thomsen’s  disease  but  it  is  better  to 
consider  it  a  symptom.  The  essential  abnormality  is  that  the 
muscle  has  a  delayed  relaxation  time  after  contraction,  causing 
inability  to  move  for  some  seconds  and  great  motor  incapacity. 
Hypertrophy  of  the  muscles  often  results.  All  the  muscles  of 
the  body  may  be  affected.  It  is  strongly  inherited,  apparently 
as  a  dominant  factor  and  usually  appears  in  youth.  The  exact 
chemical  reactions  that  cause  myotonia  are  not  known,  but  it 
seems  probable  that  the  myoneural  junction  is  hypersensitive 
to  acetylcholine ;  quinine  and  curare  will  lessen  this  sensitivity ; 
prostigmin  increases  it.  Thus  quinine  taken  by  mouth  in 
large  doses  will  relieve  symptoms. 

Family  periodic  paralysis  is  another  rare,  hereditary  disease 
related  to  muscle  metabolism.  The  symptoms  consist  of  sud¬ 
den,  dramatic  attacks  of  flaccid  paralysis,  in  which  the  limbs 
and  trunk  are  completely  motionless,  only  the  head,  neck  and 
muscles  of  respiration  being  spared.  The  attacks  last  for  a 
few  hours  and  then  pass  off.  They  are  precipitated  by  admin¬ 
istering  insulin,  adrenalin  and  large  amounts  of  glucose.  The 
paradox  is  explained  by  laying  the  paralysis  to  the  late  hyper¬ 
glycemic  rebound  after  insulin.  Potassium  and  phosphorous 
are  low  in  the  blood  and  urine,  and  the  paralysis  can  be  pre¬ 
vented  and  cured  by  taking  potassium  chloride  by  mouth. 
Mecholyl  is  also  said  to  abort  the  attacks.  Creatinuria  is 
often  present.  Similar  attacks  have  been  described  in  thyro¬ 
toxic  states,  and  it  is  not  rare  to  have  thyroid  disease  asso¬ 
ciated  with  periodic  paralysis. 
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Progressive  muscular  dystrophy  is  a  more  common  disease, 
and  is  usually  first  recognized  in  childhood.  The  muscles  of 
the  legs  and  the  scapulo-humeral  group  are  usually  affected. 
At  first  the  muscles  may  be  large  and  firm  (pseudo-hyper¬ 
trophy),  later  they  atrophy  and  the  “infant  Hercules”  becomes 
the  “living  skeleton”  of  the  side-shows.  The  course  of  the 
disease  is  extremely  slow.  Under  the  microscope  the  muscle 
fibers  appear  to  vary  greatly  in  size,  the  large  fibers  are  hyalin- 
ized  and  vacuolated;  the  small  fibers  are  atrophied  and  sar- 
colemmal  nuclei  appear  increased  in  number.  Connective 
tissue  and  fat  is  greatly  increased  in  the  atrophied  muscles. 
From  the  chemical  standpoint  creatin  and  myoglobin  are  in¬ 
creased  in  the  urine.  Glycine  in  large  amounts  by  mouth  is 
said  to  delay  the  atrophy.  Adrenalin  makes  the  symptoms 
worse.  The  inheritance  has  been  carefully  followed  through 
many  generations  and  males  are  affected  much  more  frequently 
than  females.  Associated  glandular  dystrophies  are  not  com¬ 
mon,  but  many  have  been  reported,  especially  affecting  the 
thyroid,  pituitary  and  gonads.  Much  work  has  recently  been 
done  on  the  chemistry  of  the  muscle  fiber  (12),  but  little  is 
definitely  known  about  the  cause  of  the  disease. 

Dystrophia  myotonica  (also  known  as  myotonia  dystrophica) 
is  less  common  than  progressive  muscular  dystrophy.  It 
attacks  adults,  more  often  males,  and  is  clinically  recognizable 
by  the  concurrence  of  turtle-neck  (atrophy  of  sterno-mastoid 
muscles),  myotonia,  testicular  atrophy,  alopecia  and  cataract. 
The  muscular  atrophy  may  be  widespread  and  other  glands 
may  be  involved,  often  the  thyroid  and  pituitary,  less  often  the 
adrenal,  pancreas  and  thyroid.  Mild  forms  of  the  disease  are 
recognized  in  certain  families  generation  after  generation,  but 
when  it  becomes  full-blown,  the  race  stops  because  of  the  gonad 
atrophy. 

The  next  two  groups  are  neuropathic.  The  first  of  these 
consists  of  three  overlapping  forms  of  progressive  motor  system 
disease  caused  by  chronic  motor  neuron  degeneration,  slow  in 
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course  and  with  bad  prognosis.  Until  recently  there  was  be¬ 
lieved  to  be  no  hereditary  factor.  A  few  cases  in  Europe  and 
America  appeared  to  have  a  familial  incidence  (12),  but  the 
great  majority  seemed  to  be  sporadic.  Then  in  1953  several 
investigators  reported  amyotrophic  lateral  sclerosis  from  the 
island  of  Guam,  where  it  is  one  hundred  times  more  common 
than  it  is  in  America.  Careful  studies  now  show  that  it  is  cer¬ 
tainly  hereditary  (13). 

The  spinal  form  of  the  disease  is  called  progressive  muscular 
atrophy,  in  wdiich  the  principal  lesion  is  degeneration  of  the  ven¬ 
tral  horn  cells,  with  resulting  muscular  atrophy.  The  cells  are 
usually  decreased  in  number,  small,  angular  and  pyknotic 
giving  a  picture  which  may  be  described  by  the  term  “chronic 
anterior  poliomyelitis.”  Owing  to  the  irregularity  of  the 
degeneration,  some  muscle  fibers  are  destroyed  while  others 
close  by  are  preserved;  thus  some  muscular  power  and  the  re¬ 
flexes  may  remain  in  a  greatly  atrophied  muscle.  When  the 
process  involves  the  medulla,  the  disease  is  known  as  progres¬ 
sive  bulbar  paralysis.  The  X,  XI  and  XII  cranial  nerve  nuclei 
are  most  frequently  affected,  but  occasionally  the  V  and  VII 
may  also  be  involved.  In  addition  to  the  ventral  horn  cell  de¬ 
generation,  the  cord  often  shows  a  diffuse  demyelinization  of 
the  whole  ventral  and  lateral  columns.  If  the  process  is  still 
more  extensive,  and  involves  the  cells  of  the  motor  cortex  (Betz 
cells)  the  clinical  syndrome  is  known  as  amyotrophic  lateral 
sclerosis,  a  disease  which  usually  appears  later  in  life  and  has  a 
more  rapid  and  fatal  course  because  motor  cells  in  both  the 
medulla  and  cortex  are  degenerated.  In  the  cord  the  ventral 
horn  cells  may  be  affected  and  the  cortico-spinal  tract  demye- 
linated.  The  middle  portion  of  the  corpus  callosum  is  also 
affected.  Thus  symptoms  of  spastic  paralysis  are  added  to 
those  of  peripheral  neuron  disease. 

The  last  group  is  neuropathic  and  largely  spinal  and  cerebel¬ 
lar  in  locus.  It  consists  of  a  large  number  of  heredo-degenera- 
tive  disorders  of  the  neuraxis  from  spinal  cord  up  to  optic  nerve 
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and  retina.  Might  of  the  more  common  Byridromes  are  listed 
in  Table  2.  These  will  not  be  described  separately,  because 
they  are  only  the  more  common  examples  of  about  fifty  that 
have  been  described  and  my  emphasis  is  on  the  unity  of  the 
group  rather  than  on  the  division  into  clinical  syndromes, 
many  of  which  have  been  described  as  separate  “diseases”  and 
given  specific  names.  It  has  been  shown  (14)  that  there  are  at 
least  twelve  locations  of  degeneration  in  the  neuraxis:  (1)  reti¬ 
nal  degeneration;  (2)  optic  atrophy;  (3)  mid-brain  nuclei;  (4) 
cerebellar  cortex  and  nuclei;  (5)  pontile  nuclei;  (6)  olivary 
nuclei;  (7)  cochlea;  (8)  dorsal  tracts  of  the  spinal  cord  (Goll  and 
Burdach);  (9)  spino  cerebellar  tracts;  (10)  pyramidal  tract; 
(1 1)  ventral  horn  cells;  (12)  “hypertrophic  neuritis”  or  atrophy 
of  spinal  roots  and  peripheral  nerves.  Different  combinations 
of  these  twelve  locations  of  degeneration  have  caused  the  great 
variety  of  syndromes  described  in  the  extensive  literature, 
perusal  of  which  brings  to  light  over  fifty  different  combinations 
of  symptoms  that  have  been  described  (14).  It  is  obvious  that 
what  is  needed  here  is  synthesis. 

Several  authors  have  tried  to  describe  new  “diseases”  with¬ 
out  pathological  data  and  without  understanding  that  in 
hereditary  diseases  the  genotype  (abnormality  of  the  genes) 
may  be  relatively  constant,  whereas  the  phenotype  (clinical 
manifestation)  may  vary  greatly  according  to  developmental 
and  environmental  influences.  If.  is  this  kind  of  making  of  new 
“disease  entities”  and  “syndromes”  which  has  so  complicated 
neurological  literature  that  “one  cannot  sec  the  forest  for  the 
frees.”  This  group  of  hereditary  degenerations  of  the  neuraxis 
should  be  looked  upon  as  one  disease  with  multiple  variants. 
Many  have  been  already  described,  but  many  not  yet  seen  will 
arise  and  should  not  (.hen  be  listed  as  new  diseases,  but  as  ex¬ 
pected  and  predictable  on  genetic  grounds.  This  point  of  view 
was  first  expressed  by  Austregesilo  in  1930  (15)  and  by  Aring 
and  ( Jobb  in  1935  ( 10). 

'This  group  could  bo  called  “system  diseases”  because  certain 
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functionally  connected  groups  of  neurones  degenerate  pro¬ 
gressively  causing  increasing  symptoms.  The  infantile  mus¬ 
cular  atrophy  shows  lesions  mostly  in  the  ventral  horn  cells, 
but  the  pyramidal  tract  is  also  affected.  Hypertrophic  neu¬ 
ritis  has  its  conspicuous  lesions  in  the  nerve  trunks,  but  there  is 
degeneration  of  the  dorsal  tracts  and  sometimes  of  the  ventral 
horn  cells  and  pyramidal  tract.  Peroneal  atrophy  has  definite 
lesions  in  ventral  horn  cells,  peripheral  nerve  and  dorsal  tracts. 
Familial  spinal  ataxia  (Friedreich’s  disease)  might  be  looked  on 
as  the  summation  of  all  these.  Congenital  optic  atrophy  may 
occur  with  hypertrophic  neuritis,  with  muscular  atrophy  and 
with  partial  Friedreich  syndromes.  In  other  words,  although 
the  eight  syndromes  listed  as  cerebellar-spinal  in  Table  2  are 
among  the  commonest  and  most  clear  cut  entities,  so  many  sub- 
varieties  exist,  with  so  many  intermediate  and  transitional 
states  (e.g.,  the  various  “formes  frustes”)  that  broadly  speaking 
the  group  is  apparently  one  genus  which  might  be  claled  fa¬ 
milial  system  diseases  of  the  neuraxis,  subdivisions  of  which 
depend  upon  the  genes  involved  and  their  penetrance. 

The  advances  in  genetics  make  it  likely  that  further  accumu¬ 
lation  of  accurate  clinical  data  will  give  important  leads  to  the 
understanding  of  the  great  problem  of  inherited  nervous  dis¬ 
ease,  and  when  these  data  are  complete  enough  to  be  of  real 
use  to  tin;  geneticist,  there  is  hope  that  methods  of  prophylaxis 
may  be  devised. 


TYPE  OF  INHERITANCE 

Among  the  many  authors  who  have  written  on  familial 
muscular  atrophy  a  few  have  discussed  the  type  of  heredity 
involved.  Most  of  them  have  not  had  data  sufficiently  com¬ 
plete  to  justify  such  discussion.  Some  of  them  have  considered 
that  the  inherited  factor  is  recessive  or  sex-linked  recessive. 
A  few  (and  these  are  the  ones  with  the  widest  experience)  be¬ 
lieve  the  characters  are  largely  dominant,  but  dominance  is  a 
relative  term.  In  the  three  groups  under  discussion,  it  would 
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seem  that  a  better  explanation  of  the  irregularities  of  inheri¬ 
tance  is  the  multiplicity  of  factors  involved.  In  the  myopathic 
group  the  factors  might  tentatively  be  enumerated  as:  myo- 
trophy,  myotonia,  lipodystrophy,  cataract,  alopecia,  several 
glandular  dystrophies  and  factors  determining  the  location  of 
the  atrophy  (distal,  proximal,  trunk,  facio-scapular,  etc.). 
Likewise  in  the  cerebellar-spinal  group,  the  several  factors 
enumerated  above  might  be  genetic  unit  characteris,  or  it  may 
be  that  only  one  gene  is  involved  in  different  degrees  of  severity, 
or  “penetrance.” 

With  so  many  factors  it  is  obvious  that  one  occurring  alone 
may  give  but  slight  clinical  abnormality  and  may  be  overlooked 
in  family  histories,  only  when  several  occur  together  may  the 
syndrome  be  conspicuous,  and  when  several  concur  in  one  mat¬ 
ing  the  effect  may  be  lethal  upon  the  offspring,  causing 
termination  of  that  line,  as  in  dystrophia  myotonica  and  severe 
Friedreich’s  disease.  The  best  evidence  at  present  available 
indicates  that  these  are  largely  dominant  characters,  and  that 
the  apparent  skipping  of  generations  is  because  slight  abnor¬ 
malities  are  overlooked.  But  there  is  evidence  that  the  factors 
are  sometimes  recessive.  The  remarkably  common  sporadic 
occurrence  of  such  diseases  as  progressive  muscular  dystrophy 
and  amyotrophic  lateral  sclerosis  may  be  explained  by  a  high 
mutation  rate  coupled  with  such  severe  disease  that  the  patient 
fails  to  reproduce. 

SOME  OTHER  HEREDITARY  NERVOUS  DISEASES 

Many  other  neurological  diseases  of  unknown  origin  are  fa¬ 
milial  or  inherited.  For  example,  there  is  a  familial  cerebral 
degeneration  with  macular  changes  (“amaurotic  idiocy”).  The 
oldest  child  of  a  family  is  rarely  affected,  but  when  the  disease 
appears  it  may  be  expected  to  destroy  most  of  the  subsequent 
children.  Blindness  is  the  first  symptom,  followed  by  gradual 
dementia.  Autopsy  shows  widespread  cortical  degeneration; 
the  ganglion  cells  show  balloon-like  swelling  of  their  dendrites; 
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in  the  retina  there  is  atrophy  about  the  fovea  and  degeneration 
of  retinal  cells. 

Another  familial  disease  with  cerebral  degeneration  is  that 
described  by  Wilson,  in  which  several  members  of  a  family 
may  succumb  to  hepato-lenticular  degeneration,  the  essential 
lesions  being  destruction  of  the  lenticular  nuclei  accompanied 
by  a  coarse  cirrhosis  of  the  liver.  This  syndrome  is  probably 
due  to  an  abnormality  of  copper  metabolism  which  is  inherited. 
Such  a  disease  as  Huntington’s  chorea,  on  the  other  hand,  is 
frankly  inherited  and  passes  from  generation  to  generation. 
In  this  condition  the  cells  of  the  caudate  nucleus,  of  the  puta- 
men  and  of  the  cerebral  cortex  slowly  degenerate.  Epilepsy 
and  migraine  are  often  strongly  inherited  (see  Chapter  XII). 

MENTAL  DEFICIENCY 

Amentia,  or  feeble-mindedness,  is  a  condition  in  which  the 
mind  never  had  a  chance  to  develop  normally  in  contrast  to 
dementia  in  which  a  once  normal  mind  has  disintegrated.  The 
causes  are:  (a)  Heredity,  occurring  in  the  genes  before  or  at 
the  time  of  conception;  (b)  intrauterine  mal development  of  the 
brain  because  of  infectious,  endocrine,  metabolic  or  other  dis¬ 
turbances  of  the  normal  embryological  growth;  (c)  cerebral 
injury  at  birth,  by  trauma  or  asphyxia  (d)  postnatal  encepha¬ 
litis,  usually  infectious. 

The  discussions  of  the  inheritance  of  feeble-mindedness  have 
been  polemical  and  often  based  on  unreliable  data.  Much 
foolishness  has  been  published  about  the  dangers  to  society  of 
the  genes  of  the  feeble-minded.  In  general  it  can  be  said  that 
dull  parents  beget  mostly  dull  offspring.  If  the  parents  are 
too  stupid  to  organize  a  home,  they  usually  fail  to  raise  large 
families  (see  Chapter  XIII).  Specific  genetic  disorders  can 
cause  endocrine  and  other  disturbances  of  development  that 
lead  to  cerebral  aplasia  and  mental  defect;  thyroid  and  other 
endocrine  disorders,  for  example,  often  run  in  families.  The 
familial  lipodystrophy  that  causes  blindness  and  dysplasia  of 
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cerebral  cortex  and  cerebellum  (amaurotic  idiocy)  is  said  to  be 
“hereditary”  although  the  children  die  and  cannot  propagate. 
Mongoloid  idiocy  is  said  not  to  be  inherited  because  it  is 
sporadic  in  occurrence,  seldom  appears  more  than  once  in  a 
sibling  group,  and  commonly  is  found  in  children  born  of 
mothers  who  are  between  40  and  47  years  of  age. 

This  distinctly  suggests  gynecological  or  endocrine  disturb¬ 
ance  in  the  mother  as  the  cause  of  the  child’s  maldevelopment. 
The  malformations  found  in  the  mongoloid  child  are  wide¬ 
spread,  affecting  the  skeleton  and  heart  as  well  as  the  brain. 
The  particular  time  in  development  when  injury  or  disease  of 
the  mother  is  likely  to  cause  mongolism  is  at  the  end  of  the 
second  month  of  pregnancy.  Experiments  on  embryos  of  rats 
have  produced  remarkably  specific  malformations  of  the  brain 
(16)  by  using  such  noxious  agents  as  anoxia,  x-ray,  excessive 
hormones  and  vitamin  deficiency  for  brief  periods  at  critical 
times  in  gestation.  For  example,  x-rays  applied  to  the  em¬ 
bryo  rat  on  the  ninth  day  cause  anencephaly,  and  on  the 
eleventh  day,  hydrocephalus  (17).  Mongolism  is  a  great  prob¬ 
lem  because  about  three  mongoloids  are  born  per  thousand 
births.  Most  of  them  used  to  die  in  infancy,  but  better  care  is 
keeping  them  alive  to  fill  our  institutions. 

Another  important  cause  of  cerebral  damage  is  the  incom¬ 
patibility  of  certain  blood  groups  with  respect  to  the  Rh  fac¬ 
tor.  The  presence  or  absence  of  this  factor  is  determined  by 
the  genes.  If  the  mother  is  Rh  negative  and  the  father  Rh 
positive  the  child  may  be  Rh  positive,  and  the  mother  may 
then  be  sensitized  and  produce  immune  bodies  which  reach  the 
fetus  and  cause  erythroblastosis  with  jaundice  (icterus  neo¬ 
natorum)  and  injury  to  the  large  ganglia,  especially  in  the  brain 
stem  and  striatum. 

A  common  crippling  disease  of  infants  is  cerebral  diplegia 
where  weak,  spastic  legs  are  observed  soon  after  birth  and 
feeble-mindedness  and  epilepsy  may  appear  later.  The  brains 
show  bilateral  sclerosis  and  atrophy  of  the  cortex  especially 
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the  motor  areas.  The  lesions  are  developmental  and  not  due 
to  birth  trauma.  Only  occasional^  does  the  disease  appear  to 
be  familial.  Whether  heredity  has  anything  to  do  with  this 
syndrome  is  not  known.  It  could  be  due  to  extraneous  causes 
acting  on  the  embiyo  through  the  mother.  Rubella  was  dis¬ 
covered  in  1941  to  be  a  cause  of  such  “congenital  defects.” 
If  the  mother  has  “German  measles”  during  the  second  month 
of  pregnancy  the  child  may  suffer  from  deafness,  microcephaly 
and  mental  retardation.  Other  infectious  diseases  such  as  in¬ 
fluenza  and  mumps  are  thought  to  be  possible  causes  of  such 
symptoms  and  of  mongolism  (15). 

Encephalitis  occurring  in  infancjr  is  a  cause  of  mental  de¬ 
ficiency  and  neurological  disorder.  Toxoplasmosis  is  one  of 
the  most  recently  recognized.  There  are  at  least  fifteen  viruses 
that  may  cause  human  encephalitis  and  many  of  these  affect 
children;  measles  may  cause  severe  cerebral  damage.  Other 
postnatal  causes  may  be  non-infectious,  such  as  the  encepha¬ 
lopathy  following  ingestion  of  lead  where  children  chew  paint 
off  their  cribs  or  toys. 

As  the  investigation  of  mental  deficiency  proceeds,  especially 
along  epidemiological  lines,  it  is  beginning  to  be  revealed  more 
and  more  as  a  result  of  cerebral  injury,  not  as  a  usually  bored i 
tary  disorder  for  which  there  is  no  prevention.  It  falls  in  line 
more  with  what  has  been  learned  about  fetal  death,  cerebral 
palsy  and  epilepsy  (IS).  Toxemia,  infection  and  bleeding 
during  pregnancy  seem  to  be  more  important  factors  numeri¬ 
cally  than  the  mechanical  obstetrical  factors  formerly  so  much 
emphasized. 

TUMORS  OF  THE  CENTRAL  NERVOUS  SYSTEM 

From  the  neurological  standpoint  the  location  of  a  tumor  of 
the  central  nervous  sj^stem  is  of  primary  importance;  i.e.,  its 
anatomical  position  in  relation  to  nerve  centers,  tracts,  blood 
vessels  or  to  the  cerebrospinal  fluid  pathway.  Growing  within 
a  closed  bony  case  (cranium  or  spinal  canal),  it  produces  symp- 
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toms  not  only  by  local  pressure  or  infiltration  but  also  by 
indirect  pressure  of  distant  tracts  or  centers  against  unyielding 
structures.  For  example,  a  large  tumor  of  one  parietal  lobe 
may  produce  a  homolateral  hemiparesis  by  compression  of  the 
opposite  cerebral  peduncle  against  the  edge  of  the  tentorium. 
The  addition  of  a  tumor  to  the  contents  of  the  closed  cranial 
box  will  also  produce  symptoms  of  general  pressure,  either  by 
its  bulk  alone,  or  by  blocking  the  outflow  of  cerebrospinal  fluid 
through  such  narrow  orifices  as  the  foramina  of  Monro  or  the 
aqueduct  of  Sylvius.  General  pressure  symptoms  may  become 
so  severe  that  the  localizing  signs  cannot  be  recognized;  a  cere¬ 
bellar  tumor  which  first  produces  easily  recognizable  symptoms 
by  disturbing  normal  cerebellar  function  may  soon  obstruct 
the  outflow  of  cerebrospinal  fluid  sufficiently  to  bring  on  head¬ 
ache  so  severe  or  coma  so  deep  that  a  reliable  neurological 
examination  becomes  impossible. 

Almost  any  kind  of  tumor  may  be  found  within  the  nervous 
system  since  about  5  per  cent  of  all  malignant  tumors  else¬ 
where  in  the  body  metastasize  to  the  brain.  Certain  kinds  of 
tumor,  however,  arise  only  in  the  nervous  system  and,  inter¬ 
estingly  enough,  these  tumors  have  no  tendency  to  metastasize 
elsewhere  in  the  body.  Nerve  cells,  glia,  nerve  sheaths,  blood 
vessels  and  meninges  may  all  give  rise  to  primary  tumors.  Of 
these,  the  gliomas  derived  from  the  various  types  of  glia  are 
the  most  common,  comprising  about  42  per  cent  of  intracranial 
tumors.  There  are  various  types  of  glioma  classified,  some¬ 
times  with  difficulty,  according  to  the  cell  which  is  predominant 
in  the  tumor.  These  tumors  have  been  named  by  Bailey  and 
Cushing  (19)  after  the  primitive  embryological  cells  from  which 
they  were  presumably  derived.  From  the  medullary  epithe¬ 
lium  of  the  embryonic  neural  crest  five  main  cell  types  develop. 
Three  of  them,  the  choroidal  epithelium,  the  primitive  pineal 
cells  and  the  neuroblasts,  give  rise  to  tumors  which  are  rather 
rare.  The  medulloblast  and  primitive  spongioblast  give  rise, 
directly  or  through  their  more  differentiated  offspring,  to  most 
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of  the  intrinsic  tumors  of  the  brain.  In  contrast  to  this  histo- 
gcnetic  concept  of  the  derivation  of  the  gliomas  from  primitive 
precursors,  Kernohan  and  his  collaborators  (20)  consider  the 
gliomas  to  be  anaplastic  transformations  of  normal  glial  cells. 

The  glioblastoma  multiforme,  astroblastoma  and  astrocytoma 
may  be  considered  to  arise  respectively  from  immature  cell 
rests  of  each  type,  or  they  may  be  interpreted  as  anaplastic 
transformations,  in  various  degrees,  of  normal  astrocytes.  For 
example,  the  astrocytoma  of  Bailey  and  Cushing,  a  slowly  grow¬ 
ing  tumor  of  the  cerebellum  of  children  or  cerebral  hemispheres 
of  adults,  would  be  classified  as  astrocytoma,  grade  1,  by  Kerno¬ 
han.  It  is  a  tumor  composed  of  astrocytes,  most  of  which  are 
fairly  mature,  often  producing  a  dense  feltwork  of  glia  fibrils, 
which  may  degenerate  to  form  large  cysts.  Depending  upon 
their  location,  many  of  these  tumors  may  be  successfully  re¬ 
moved.  The  most  malignant  tumor  derived  from  the  primitive 
spongioblast,  the  glioblastoma  multiforme  (Kernohan’s  astro¬ 
cytoma,  grades  3  and  4)  occurs  usually  in  the  cerebral  hemi¬ 
spheres  of  adults.  Although  a  varying  number  of  normal  astro¬ 
cytes  may  be  present,  marked  pleomorphism,  hyperchromatic 
nuclei,  mitotic  figures  and  multinucleated  giant  cells  are  seen. 
Necrosis  of  tissue  with  vascular  change  and  hemorrhage  com¬ 
monly  occurs  within  the  tumor  mass.  These  tumors  are  very 
invasive  and  rapidly  growing;  only  in  the  rarest  instances  have 
long  survivals  been  obtained  either  by  surgery  or  by  radiation 
therapy. 

Ependymomas  are  less  common  tumors  which  probably  derive 
also  from  the  primitive  spongioblast.  The  ependymoma  usu¬ 
ally  appears  in  or  near  a  ventricle,  where  it  grows  in  sheets  or 
columns  of  ependymal  cells,  sometimes  forming  pseudorosettes 
about  blood  vessels.  Many  of  these  tumors  are  fairly  benign 
and  may  be  removed,  but  various  degrees  of  anaplasia  may 
appear.  The  oligodendroglioma,  whose  ultimate  origin  may  be 
either  from  the  spongioblast  or  the  medulloblast,  is  frequently 
composed  of  fairly  mature  oligodendroglia,  growing  as  an  iso- 
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morphic  mosaic  of  clear  cells  in  a  cerebral  hemisphere.  It  fre¬ 
quently  shows  calcification  which  may  be  seen  in  roentgeno¬ 
grams.  Many  of  these  tumors  are  successfully  removed.  The 
medulloblastoma  is  a  very  malignant  derivative  of  the  medullo- 
blast,  occurring  usually  in  the  midline  of  the  cerebellum  of 
children.  The  small,  carrot-shaped  cells  proliferate  rapidly 
blocking  the  outflow  of  cerebrospinal  fluid  from  the  fourth 
ventricle.  This  tumor  cannot  be  eradicated  surgically  but 
responds  quite  well  to  x-ray  therapy,  sometimes  with  survival 
of  five  or  more  years.  Medulloblastomas  not  infrequently 
metastasize  to  other  parts  of  the  central  nervous  system, 
through  the  cerebrospinal  fluid  pathway. 

The  meninges,  nerve  sheaths  and  blood  vessels  of  the  central 
nervous  system  also  give  rise  to  tumors,  most  of  which  are 
benign  and  may  be  successfully  removed.  Meningiomas  are 
usually  discrete,  encapsulated  and  slowly  growing.  They  arise 
from  the  meninges,  often  in  the  region  of  the  superior  longi¬ 
tudinal  sinus  or  the  sphenoidal  ridge.  Their  cells  have  the 
appearance  of  fibroblasts  which  may  grow  either  in  sheets  or 
whorls,  sometimes  forming  geometric  rings  about  a  calcareous 
center— a  psammoma  body.  Although  meningiomas  may  in¬ 
vade  and  produce  proliferative  changes  in  the  skull,  they  affect 
the  brain  only  by  external  pressure  and  thus  can  be  easily 
attacked  surgically.  Nerve  sheath  tumors,  derived  either  from 
the  perineurium  or  the  sheath  of  Schwann  and  classified  either 
as  'perineural  fibroblastomas  or  neurofibromas,  are  not  uncom¬ 
mon  on  the  acoustic  nerve.  Their  cells  have  the  appearance 
of  palisaded  fibroblasts  and  grow  within  a  well  defined  capsule. 
Many  years  may  elapse  from  the  onset  of  a  mild  and  transient 
tinnitus  to  a  time  when  deafness  and  pressure  on  fifth,  seventh, 
ninth  and  tenth  cranial  nerves  in  the  cerebello-pontine  angle 
cause  the  patient  to  seek  surgical  relief.  These  tumors  may 
usually  be  successfully  removed.  Hemangiomas  and  heman¬ 
gioblastomas  are  benign  tumors  also.  Hemangioblastomas  of 
the  cerebellum  may  be  associated  with  similar  lesions  in  the 
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return  mihI  abdominal  viscera  landau's  disease.  Crauio- 
phoryuyiouuis  may  simulate  pituitary  tumors,  by  growing  up¬ 
wards  into  the  third  vent  rich'. 

Tumors  of  the  pituitary  gland  usually  break  through  (  lie  dural 
diaphragm  of  the  sella,  turcica  where,  in  addition  to  their 
endocrine  changes,  pressure  on  the  optic  chiasm  produces  bitem¬ 
poral  hemianopsia.  The  eosinophilic  adenomas  may  produce 
gigantic  but  normally  proportioned  individuals  before  the  epi¬ 
physes  have  united.  If  they  occur  later  in  life  they  produce 
the  overgrowth  of  the  head,  face,  hands  and  feet  characteristic 
of  acromegaly.  The  chromophobe  adenomas  commonly  act 
by  pressure  on  t  he  gland  to  produce  hypopituitarism.  Both 
types  of  tumor  may  be  successfully  treated  either  by  radiation 
or  by  surgery. 

In  the  enclosed  space  of  the  skull  and  vertebral  canal,  small 
inflammatory  swellings  may  cause  marked  pressure,  simulating 
a  true  neoplasm.  A  small  tuberculoma  or  syphilitic  gumma 
which  might  do  lit  t  le  damage  in  other  organs  may  produce  pro¬ 
found  changes  locally  or  by  the  production  of  generalized  intra¬ 
cranial  pressure.  Such  parasitic  growths  as  echinococcus  cyst 
occasionally  cause  neurological  symptoms. 

Tumors  of  all  the  types  which  occur  within  the  cranial 
cavity  occur  also  in  the  vertebral  canal.  Here,  however,  the 
benign  tumors  of  meninges  and  nerve  sheaths  are  more  com¬ 
mon  than  gliomas.  The  majority  of  such  tumors  grow  within 
the  dural  sheath,  producing  local  pressure  on  the  spinal  cord 
with  physiological  impairment  of  conduction  which  readily 
recovers  after  extirpation  of  the  growth.  Metastatic  tumors 
also  occur,  usually  in  the  extradural  spaces,  where  they  invade 
t  he  normal  areolar  t  issue  and  venous  plexus. 
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Chapter  XII 


EPILEPSY 

A  lapse  of  consciousness,  a  convulsion,  an  abnormal  brain¬ 
wave — these  are  simple,  primitive  manifestations  of  nervous 
disintegration.  They  result  from  abnormal  nervous  discharge. 
“Disintegration”  means  here  the  loss  of  more  or  less  of  the 
functional  harmony  of  the  central  nervous  system.  Many 
different  forms  of  interference  with  nervous  integration  may 
lead  to  the  production  of  fits,  and  the  interfering  factors  are 
varied  and  even  paradoxical.  A  list  of  sixty  or  more  conditions 
commonly  associated  with  convulsions  has  been  made  (1).  If 
one  classifies  these  sixty  factors  and  tries  to  reduce  them  to  a 
few  common  denominators,  it  seems  justifiable  to  postulate 
tentatively  that  altered  conduction  of  the  nerve  impulses,  in¬ 
creased  irritability  of  the  nerve  cells,  oxygen  lack  of  the  nerve 
cells,  and  change  in  acid-base  equilibrium  are  processes  in¬ 
volved  in  most  fits,  singly  or  in  combination.  The  abnormal 
neuronal  discharge  has  been  started  and  goes  on  first  to  changes 
in  the  electroencephalogram  and,  if  prolonged  and  severe 
enough,  to  clinical  symptoms  of  an  epileptic  seizure.  There 
can  be  no  doubt  that  there  is  structural  change  in  the  dis¬ 
charging  nerve  cells,  but  the  basic  pathological  process  is  to  be 
looked  upon  as  structural  at  the  molecular  level,  and  not  yet 
visible  by  microscopic  methods.  The  fact  that  the  suscepti¬ 
bility  to  epilepsy  is  so  often  inherited,  proves  that  in  familial 
cases  the  genes  must  carry  a  structural  change.  The  many 
influences  of  the  environment  can  then  affect  growth  and 
maturation  to  make  the  individual  more  or  less  susceptible  to 
seizures.  The  commonest  of  these  environmental  influences 
that  increases  the  likelihood  to  fits  are  perhaps  injuries  to  the 
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fetal  brain,  causing  maldevelopment,  and  injuries  to  the  brain 
at  birth,  causing  cerebral  scars.  Nearly  100  years  ago,  Hugh- 
lings  Jackson  (2)  said  “An  epileptic  seizure  is  only  a  symptom. 
Nevertheless,  it  is  always  symptomatic  of  one  physiological 
thing,  a  discharging  lesion.”  His  writings  on  epilepsy  are 
still  important  reading  for  the  neurologist ;  recent  advances  in 
the  understanding  of  the  nature  of  the  nerve  impulse  (see 
Chapter  I)  are  giving  the  research  worker  a  clue  to  what  a 
“discharging  lesion”  is  in  terms  of  physics  and  chemistry. 

It  is  difficult  to  write  a  definition  of  epilepsy  because  it  is  a 
symptom  of  so  many  cerebral  disorders.  Many  persons  have 
two  or  three  convulsions  in  their  lives,  but  they  cannot  be  called 
epileptic.  It  is  only  when  the  reaction  becomes  repetitive  and 
habitual  that  the  diagnosis  is  justified.  Persons  who  show  fre¬ 
quent  abnormal  discharges  when  examined  electrographically, 
even  if  their  discharges  are  subclinical  and  rarely  result  in  fits, 
can  reasonably  be  called  epileptic. 

A  disease  entity  is  a  definite  morbid  process  having  a  charac¬ 
teristic  train  of  symptoms.  Therefore  many  fits  seen  clinically 
do  not  deserve  the  term  epileptic;  they  may  be  due  to  asphyxia, 
an  overdose  of  prostigmin  or  insulin,  any  of  the  60  causes  men¬ 
tioned.  Two  categories,  however,  are  specific  enough  to  be 
called  disease  entities :  genetic  epilepsy  and  traumatic  epilepsy. 

If  one  tries  to  divide  all  cases  into  “essential”  (“idiopathic,” 
“true”)  and  “symptomatic,”  one  is  merely  stating  that  in  the 
former  the  etiology  is  unknown  and  in  the  latter  it  happens  to 
be  known.  This  is  not  classifying  epilepsy;  it  is  classifying  the 
knowledge  of  the  classifier. 

For  the  purpose  of  etiological  classification,  persons  without 
evidence  of  acquired  cerebral  lesions  may  be  classed  as  having 
genetic  epilepsy,  and  those  with  such  evidence  as  having  ac¬ 
quired  epilepsy.  The  epilepsy  of  the  first  group,  centered  on  a 
hereditary  morbid  process,  is  a  disease  entity.  That  of  the 
second  group,  on  the  other  hand,  is  only  a  symptom  of  many 
cerebral  diseases,  but  one  subgroup  is  so  large  and  definite, 
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namely  traumatic  epilepsy,  that  it  too  can  be  considered  a  dis¬ 
ease  entity.  However,  in  practice  the  two  groups  (genetic  and 
acquired)  are  not  mutually  exclusive.  In  a  given  individual, 
transmitted  and  acquired  conditions  may  be  combined.  More¬ 
over,  epilepsy  may  be  genetically  recessive  or  willfully  con¬ 
cealed  in  the  family  history.  In  a  series  of  2500  office  and 
clinic  patients  examined  by  Lennox  (3),  a  family  history  of 
epilepsy  or  migraine  was  only  obtained  in  35  per  cent,  evidence 
of  antecedent  brain  damage  alone  in  16  per  cent,  both  of  these 
etiologies  in  11  per  cent,  and  neither  of  them  in  38  per  cent. 

Genetic  epilepsy  is  inherited  cerebral  dysrhythmia.  Evi¬ 
dence  of  transmission  lies  in  the  observation  of  one-egg  twins 
who  showed  no  evidence  of  acquired  cerebral  lesion.  Almost 
invariably  both  co-twins  not  only  have  epilepsy  and  seizures  of 
the  same  general  type,  but  their  abnormal  brain  wave  patterns 
are  identical.  In  addition,  the  near  relatives  of  persons  whose 
epilepsy  was  not  antedated  by  some  acquired  lesion  of  the 
brain,  have  more  epilepsy  and  more  irregularity  of  brain  waves 
than  obtains  in  the  general  population.  The  important  dis¬ 
covery  of  Lennox  and  Gibbs  (4)  of  the  familial  occurrence  of 
cerebral  dysrhythmia,  proves  that  the  inherited  disorder  is 
much  more  specific  and  more  common  than  was  formerly  sup¬ 
posed.  Of  course  describing  the  disorder  as  a  cerebral  dys¬ 
rhythmia  does  not  explain  its  cause.  Being  inherited,  the  cause 
must  be  structural,  but  “structural”  as  chemists  use  the  word. 
Genes  are  chemical  molecules.  Pathologists  have  as  yet  found 
no  lesions,  i.e.,  visible  alterations  of  tissue. 

Three  varieties  of  this  disorder  may  be  postulated:  (a) 
dysrhythmia  discovered  only  by  electroencephalogram,  the 
disorder  never  becoming  clinically  manifest,  (b)  dysrhythmia 
with  clinical  fits  but  no  cerebral  lesion  as  precipitant,  (c)  cases 
in  which  trauma  or  other  cerebral  lesion  seems  to  bring  out  the 
subclinical  disorder  and  make  it  overt. 

Acquired  epilepsy  is  caused  by  cerebral  lesion,  without  in¬ 
herited  dysrhythmia.  Here  belong  those  cases  of  repeated 
fits  where  trauma,  inflammation,  degeneration  and  tumor  cause 
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pathological  alteration  discoverable  at  autopsy,  so  they  are 
called  “symptomatic”  epilepsies.  Doubtless  some  patients 
with  cerebral  lesions  and  fits  (for  example,  cerebral  tumor)  had 
the  hereditary  cerebral  dysrhythmia  before  the  lesion.  In  fact 
the  tumor  without  the  pre-existing  dysrhythmia  might  not  have 
caused  the  fits.  Since  over  five  per  cent  of  the  population  have 
cerebral  dysrhythmia,  it  is  to  be  expected  that  tumor,  trauma 
and  inflammation  wflll  occur  in  many  of  them  and  precipitate 
fits.  I  believe  the  fits  are  more  easily  precipitated  in  these 
dysrhythmic  persons  than  in  those  with  normal  electroen¬ 
cephalograms,  but  lesions,  if  severe  enough,  can  cause  repeated 
seizures  in  persons  with  previously  normal  brain  waves. 

Wounds  of  the  brain,  in  war  and  in  automobile  accidents,  are 
the  commonest  causes  of  traumatic  epilepsy  (5).  Birth  injury 
and  inflammations  of  the  brain  are  less  common  at  the  present 
time.  Cerebral  laceration,  with  or  without  penetration  of  a 
missile,  causes  a  scar  if  the  patient  survives.  The  type  of  scar 
most  likely  to  result  in  epilepsy  is  the  meningo-cerebral  cicatrix. 
In  the  fresh  wound  blood  is  extra vasated  into  the  bruised  and 
lacerated  brain  and  the  meninges  are  pushed  into  the  wound, 
so  connective  tissue,  new  vessels  and  glia  combine  to  make  an 
extensive  scar.  In  healing  these  scars  often  contract  and  pull 
on  the  surrounding  brain.  Along  the  edge  of  the  cicatrix  where 
it  merges  into  norml  brain  is  a  hyper-irritable  area  which 
often  gives  off  abnormal  spike-like  brain  waves.  This  is  the 
epileptogenic  focus  which  must  be  removed  at  operation.  If 
the  scar  is  discrete  and  relatively  small,  such  operations  are  of¬ 
ten  successful.  If  the  lesion  was  diffuse  and  caused  wide-spread 
gliosis  and  fibrosis  in  the  brain,  operation  is  useless.  Neuro¬ 
logical  and  electrographic  examinations  are  of  great  importance 
in  deciding  whether  or  not  to  operate.  Often  the  only  way  to 
decide  is  to  explore  surgically  and  make  electrograms  directly 
from  the  exposed  cortex. 

In  the  light  of  the  above  classification  I  will  define  the  term 
epilepsy: 

A  disorder  of  the  brain  that  causes  repeated  fits  in  which  the 
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usual  functional  abnormalities  are :  (a)  changes  in  the  electrical 
potentials  as  seen  in  the  electroencephalogram;  (6)  partial  or 
complete  loss  of  consciousness;  (c)  nervous  discharge  into 
smooth  muscle,  striated  muscle  or  glands,  causing  involuntary- 
visceral  or  motor  behavior. 

Penfield’s  definition  (6)  brings  in  two  points  of  view  that  are 
important  and  give  emphasis  by  their  antithesis.  He  says: 
"From  the  physiological  point  of  view,  epilepsy  may  be  defined 
as  a  tendency  to  periodic,  involuntary  neuronal  explosions. 
For  the  patient,  on  the  other  hand,  it  is  a  state  of  continuing 
dread  (usually  shared  by  his  friends  and  family)  interrupted 
by  recurring  attacks  of  involuntary  behavior.” 

TYPES  OF  EPILEPTIC  SEIZURE 

A  seizure  or  fit  is  an  expression  of  neurological  disturbance, 
and  may  thus  be  a  symptom  of  a  great  variety  of  neurological 
disorders.  Rudimentary  sorts  of  convulsive  movements  can 
be  elicited  from  the  spinal  cord,  "vaso-vagal  fits”  from  the 
hind-brain  and  diencephalic  fits  have  been  well  described  and 
proved  at  autopsy.  Most  seizures,  however,  are  cerebral  in 
origin.  The  evidence  for  this  is  abundant.  Lesions  involving 
the  cortex  are  the  commonest  causes  of  focal  epilepsy.  They 
may  be  neoplastic,  vascular,  degenerative,  inflammatory  or 
traumatic.  If  the  lesion  is  near  the  motor  area  the  resultant 
fits  are  motor,  i.e.,  convulsive  in  nature  and  usually  begin  in  a 
special  group  of  muscles  and  spread  to  other  groups  in  an 
orderly  sequence  according  to  the  localization  map  of  the  motor 
cortex.  This  is  the  "march”  of  the  typical  Jacksonian  con¬ 
vulsion.  For  example  an  infarct  (or  a  tumor)  in  the  left  cere¬ 
bral  cortex  near  the  lower  end  of  area  6  may  cause  a  convulsion 
which  starts  with  twitching  of  the  mouth,  then  the  whole 
right  side  of  the  face;  it  spreads  to  the  arm,  which  goes  into 
clonic  jerks,  thence  to  the  foot  on  the  same  side,  and  finally 
crosses  the  mid-fine  to  affect  the  left  side.  Consciousness  is 
usually  lost  when  the  seizure  becomes  so  widespread  as  to 
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reach  the  opposite  side,  that  is  to  say,  when  the  neuronal 
discharge  spreads  to  the  opposite  hemisphere. 

There  is  good  evidence  that  the  discharge  is  cortical  in  the 
clinical  observations  which  show  that  the  sequence  of  the 
epileptic  symptoms,  as  observed  in  a  fit,  usually  follow  an 
order  related  to  the  known  arrangement  of  functional  localiza¬ 
tion  in  the  cortex.  Lesions  in  area  17  (see  fig.  12)  are  likely 
to  start  with  a  sensory  fit  (aura)  of  a  visual  nature,  bright 
flashes  or  globes  of  light;  more  organized  visual  fits  start  in 
area  19  with  sparkles  and  scintillating  scotomata,  while  lesions 
in  the  posterior  part  of  the  temporal  lobe  may  cause  visual 
hallucinations  and  such  variations  of  visual  perception  as 
micropsia  and  macropsia.  After  such  an  "aura”  the  discharge 
may  spread  to  areas  7,  3,  5,  etc.,  causing  paresthesias  and  then, 
on  reaching  areas  4  and  6,  a  motor  discharge  with  convulsion 
and  unconsciousness.  If  the  lesion  were  in  area  3,  the  onset 
would  be  somatic-sensory  in  type,  with  numbness  and  tingling 
of  a  limb,  spreading  according  to  the  cortical  map  until  the 
motor  area  is  impinged  upon  and  convulsion  begins  either 
focally  or  in  a  whole  side  of  the  body.  Auras  of  dizziness  or 
noises  may  come  from  lesions  in  areas  41  or  42  whereas  dreamy 
states  (either  visual  or  auditory)  seem  to  originate  a  little 
further  back,  in  area  21.  Lesions  in  the  frontal  lobe  are 
likely  to  disturb  consciousness  first  and  then  spread  to  areas  8 
and  6  causing  rotary  movements  of  the  body  before  conscious¬ 
ness  is  lost  and  the  convulsion  supervenes.  The  point  at  which 
the  patient  loses  consciousness  seems  to  depend  upon  the 
amount  of  spread  of  the  epileptic  discharge;  when  a  large 
enough  area  of  cortex  is  affected,  regardless  of  special  function, 
contact  with  the  environment  seems  to  be  lost.  Much  smaller 
discharges  into  the  brain  stem  may  accomplish  the  same  result, 
as  in  the  brief  lapses  called  "petit  mal.” 

The  best  evidence,  however,  is  that  of  the  electroencephalo¬ 
gram  (7).  By  means  of  this  technique  the  focus  from  which  ab¬ 
normal  waves  of  high  voltage  arise  can  often  be  found,  and  the 
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spread  of  the  discharge  over  the  cortex  can  sometimes  be 
followed.  Animal  experiments  show  that  the  spread  of  the 
discharge  can  be  stopped  by  incising  the  cortex.  Even  in 
man  the  spread  has  been  stopped  in  some  cases  and  the  seizures 
restricted  to  one  side  by  cutting  the  corpus  callosum  (8). 
Some  short  lapses  of  consciousness  with  slight,  if  any,  motor 
discharge  may  be  due  to  an  epileptic  discharge  in  the  basal 
structures  of  the  brain.  Other  fits  may  be  largely  sensory,  such 
as  a  sudden  disagreeable  smell  followed  by  smacking  of  the  lips 
and  swallowing  ("uncinate  gyrus  attacks”).  Still  others  may 
consist  of  dreamy  states,  feelings  of  reliving  a  familiar  scene 
(“deja  vu”),  states  of  mental  confusion  and  transient  aphasia. 
In  such  cases  the  electrical  discharge  may  show  as  spikes  in 
the  electroencephalogram  or  may  be  picked  up  only  from  elec¬ 
trodes  placed  within  the  temporal  lobe.  The  mental  symp¬ 
toms  may  be  severe  and  lead  to  rages,  furors  and  ecstasies.  In 
cases  with  marked  mental  disorder  the  temporal  lobe  is  often 
the  site  of  the  lesion.  Surgical  removal  has  been  effective  in 
many  cases. 

Any  of  the  symptoms  may  be  combined;  for  example,  an  un¬ 
cinate  gyrus  attack  may  lead  into  a  dreamy  state  with  a  few 
minutes  of  confusion.  A  severe  convulsion  may  be  followed 
by  a  furor  with  destructive  and  homicidal  behavior.  Ob¬ 
viously  no  simple  classification  will  adequately  describe  the 
varied  clinical  phenomena.  If  one  thinks  of  the  brain  with  its 
various  functional  centers  and  considers  an  abnormally  strong 
neural  discharge  sweeping  through  it,  an  idea  is  obtained  of 
how  varied  the  symptomatology  may  be.  The  more  com¬ 
mon  types  of  seizure,  with  the  probable  location  of  the  dis¬ 
charging  focus,  are  shown  in  Table  3. 

Such  a  group  of  symptoms  with  their  various  intergradations 
cannot  accurately  be  put  under  a  few  headings.  Minor  attacks 
may  become  repetitive  and  build  up  into  severe  convulsions, 
but  many  epileptics  who  suffer  from  lapses  and  confusions  never 
have  a  convulsion.  In  any  one  individual  the  attack  is  likely 
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to  be  repeated  again  and  again  according  to  the  same  pattern, 
but  severe  convulsive  seizures  may  occur  in  any  epileptic  pa¬ 
tient  at  long  intervals,  punctuating  the  series  of  his  usual  lesser 
attacks  with  a  “grand  mal.”  Accurately  speaking  the  term 
“petit  mal”  can  only  be  applied  to  the  short  lapse  (type  2  in 
the  table)  and  “grand  mal”  should  only  be  applied  to  major 
convulsions  (type  7).  Jacksonian  convulsions  are  a  small 
special  group.  This  leaves  the  “psychomotor”  classification 
as  a  loose  catch-all  for  a  great  variety  of  fits,  some  mainly  psy- 


TABLE  3 


1.  Dizzy  spells,  giddiness,  “faint”  feeling 

2.  “Lapse”  or  “absence”  of  a  few  seconds  with  or 

without  akinesis  and  myoclonia 

3.  Vasovagal  and  autonomic  seizures 

4.  “Ddj&  vu,”  dream  states 

5.  “Behavior  problems,”  ectasies,  rages  and  fugues 

6.  Confusion  with  motor  automatism 

7.  Convulsions  (clonic,  postural  or  both)  “grand  mal” 

8.  Focal  convulsion  with  march  (“Jacksonian”) 

9.  Focal  sensory  fit  (often  as  aura  to  motor  fit) 

Lennox  would  include  types  1  and  2  under  the  term 

5  and  6  under  “Psychomotor  triad,”  and  7  and  8  under 


Diencephalon 

Diencephalon 

Hypothalamus 
Temporal  lobe 
Temporal  lobe 
Temporal  or  frontal 
cortex 

Diencephalon  plus 
frontal  cortex 
Motor  cortex 
Sensory  cortex 
“Petit  mal  triad,”  4, 
Convulsive  triad.” 


chic  and  some  mainly  motor.  Clinically  one  sees  commonly 
and  in  great  variety  such  states  of  confusion  with  peculiar 
motor  and  locomotor  phenomena.  These  are  often  mistaken 
for  hysteria. 

In  bringing  together  the  triad  petit  mal,  myoclonia  and  cata¬ 
plexy  Lennox  has  made  an  advance  in  our  understanding  of 
fits.  The  commonest  symptom  is  the  short  lapse  of  conscious¬ 
ness  in  which  the  patient  merely  stares  blankly  and  loses  con¬ 
tact  for  a  few  seconds.  Added  to  this  may  be  a  few  or  many 
jerks  of  the  eyes,  head  and  arms  (myoclonia).  Occasionally 
myoclonia,  especially  jerks  of  the  arms,  dropping  things  sud¬ 
denly  or  throwing  them  inadvertently,  is  the  main  picture,  with 
less  obvious  lapse  of  consciousness.  Cataplexy  is  less  common 
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and  consists  of  sudden  relaxation  of  the  muscles  with  collapse 
to  the  floor,  lasting  only  a  few  seconds.  In  mild  degree  it  may 
be  a  feeling  of  weakness,  with  the  legs  giving  away.  The 
symptoms  may  occur  singly  or  in  combinations  of  two  or  all 
three.  They  seem  to  be  subcortical  in  origin  and  character¬ 
istically  show  a  3-per-second  wave  and  spike  (“dart  and  dome”) 
formation  in  the  electrogram.  A  low  concentration  of  carbon 
dioxide  in  the  blood  favors  their  appearance  and  high  carbon 
dioxide  prevents  them.  The  drug  tridione  suppresses  the  at¬ 
tacks,  but  may  make  “grand  mal”  worse. 

CEREBRAL  LESIONS 

Many  neurological  disorders  may  be  accompanied  by  epi¬ 
leptiform  fits,  so  a  series  of  autopsies  on  institutional  patients 
diagnosed  as  epileptic  will  show  every  sort  of  aplasia,  tumor, 
degeneration  and  inflammation  of  the  brain.  This  is  because 
the  feeble-minded  and  the  palsied  need  institutional  care  and 
when  they  have  fits  these  are  such  dramatic  events  that  other 
symptoms  are  considered  of  relatively  small  importance  and 
they  are  sent  to  “epileptic”  hospitals.  As  a  result  epilepsy 
is  considered  a  degenerative  disease,  with  bad  prognosis.  As  a 
matter  of  fact  most  patients  with  epilepsy  live  outside  of  hos¬ 
pitals  and  lead  somewhat  useful,  though  often  most  unhappy 
lives.  In  the  United  States  there  are  probably  about  800,000 
persons  with  periodic  seizures,  and  of  these  less  than  50,000 
are  living  in  institutions.  Those  that  are  hospitalized  are  the 
ones  that  show  the  greatest  number  of  gross  lesions  at  autopsy. 
Many  of  those  living  in  the  community  have  no  evidence  of 
neurological  disorder  except  their  fits.  Pneumoencephalog¬ 
raphy  and  autopsy  may  show  a  diffuse  atrophy  of  the  cerebral 
hemispheres  with  slightly  dilated  ventricles,  but  more  often  no 
lesions  can  be  found.  These  latter  patients  make  up  the 
great  group  called  “paroxysmal  cerebral  dysrhythmia”  by 
Lennox,  where  the  only  laboratory  evidence  of  epilepsy  is  the 
abnormal  electroencephalogram. 
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INHERITANCE 

The  fact  of  a  transmissible  tendency  to  seizure  is  no  longer  in 
question,  although  the  mode  of  inheritance  has  not  yet  been 
decided.  A  transmitted  chemical  perversion,  or  instability  of 
nervous  tissue  may  underlie,  in  various  degrees,  almost  all  cases 
of  epilepsy.  In  one  survey  (3)  which  included  the  histories  of 
20,000  near  relatives  of  4,231  epileptics,  3.2  per  cent  of  these 
relatives  had  a  history  of  one  or  more  seizures,  an  incidence  6 
or  7  times  that  in  a  control  group.  The  number  of  affected 
relatives  was  decreased  by  half  if  some  brain  lesion  antedated 
the  first  seizure.  Also,  the  number  decreased  progressively 
with  increasing  age  of  the  patient  at  the  time  of  his  initial 
seizure.  The  likeness  of  the  abnormal  brain  waves  of  identical 
epileptic  twins,  whose  brains  show  no  evidence  of  lesion,  and 
the  frequency  of  electrographic  disturbances  among  the  rela¬ 
tives  of  epileptics,  strongly  support  the  clinical  evidence.  In 
practice,  however,  the  electroencephalogram  is  of  limited  value 
in  advice  about  marriage  and  children.  Unlike  fingerprints  or 
blood  types,  the  brain-wave  pattern  is  a  fluid  trait  and  distinc¬ 
tive  abnormalities,  like  seizures  themselves,  tend  to  disappear 
with  increasing  age.  Fortunately,  favorable  traits  of  mind 
and  body  may  more  than  compensate  for  an  unfavorable  trans¬ 
mitted  tendency  to  seizures.  Advice  about  marriage  and 
children  must  be  decided  for  the  individual  and  not  for  some 
non-existent  average.  In  cases  where  the  epilepsy  seems  to 
have  been  caused  by  cerebral  lesion,  acquired  either  before 
or  after  birth,  there  is  no  better  reason  to  believe  that  the 
disorder  will  be  passed  on  to  children  if  the  patient  marries. 

CHEMISTRY 

In  epilepsy  symptoms  of  brain  disorder  are  episodic ;  they  are 
related  to  patterns  of  electrical  discharge;  and  they  are  sen¬ 
sitive  to  changes  in  the  chemistry  and  the  metabolism  of 
the  brain.  More  specifically,  areas  of  the  cortex  which  erupt 
with  seizure  discharges,  when  excised  and  chemically  analyzed, 
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have  proved  to  be  deficient  in  the  capacity  to  bind  acetylcholine 
(9). 

An  epileptic  symptom  is  the  resultant  of  a  sequence  of 
physico-chemical  events.  Some  phenomena,  for  example  pure 
petit  mal  and  the  attendant  spike  and  wave  discharge,  seem  to 
have  a  larger  genetic  background  than  others.  The  ultimate 
source  of  this  genetic  influence  lies  in  the  chromosomes  of  the 
germ  cell.  We  are  told  that  the  hereditary  material  of  the 
chromosome  is  composed  of  protein,  desoxyribonucleic  acid  and 
ribonucleic  acid.  The  structural  formula  of  these  substances 
can  be  depicted  as  a  long  chain  which  takes  millions  of  turn  about 
a  central  core,  and  divides  longitudinally  into  halves.  A  cer¬ 
tain  alteration  in  the  molecules  of  this  hereditary  material  might 
find  expression  in  a  peculiar  physico-chemical  state  of  certain 
clusters  of  neurons.  This  peculiarity  might  in  turn,  result  in 
recurrent  electrical  discharges.  These  dysrhythmic  potentials, 
when  recorded  by  means  of  the  electroencephalograph,  give  the 
first  visible  evidence  of  an  epilepsy  which  has  lain  hidden,  per¬ 
haps  through  generations  of  time.  Discharges  of  high  voltage 
potentials,  either  too  fast  or  too  slow,  whether  transmitted  or 
acquired,  warn  of  a  dormant  or  potential  epilepsy.  These  dis¬ 
ordered  potentials,  however,  may  never  find  expression  in  a 
seizure;  perhaps  an  externalizing  mechanism  is  lacking. 

PSYCHOPATHOLOGY 

Although  much  has  been  written  on  psychological  methods 
in  the  treatment  of  epileptic  patients,  most  of  the  material 
presented  by  the  authors  is  difficult  to  evaluate  accurately 
because  not  enough  facts  are  given.  It  is  said  to  be  “well 
known”  that  anxiety,  emotional  stress  and  even  simple  sensory 
stimuli  in  excess  can  increase  the  number  of  seizures.  Lennox 
and  Gibbs  (10)  have  definite  electroencephalographic  evidence 
that  increasing  the  use  of  the  brain,  as  in  mental  arithmetic, 
decreases  the  number  of  abnormal  waves.  Therefore  occupa¬ 
tion  in  large  institutions  is  used  not  only  as  a  “pass  time”  but 
as  therapy. 
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The  term  “hystero-epilepsy”  should  be  dropped.  It  is  usu¬ 
ally  used  either  to  describe  an  hysterical  patient  whose  conver¬ 
sion  symptom  happens  to  be  spasms  of  the  striated  muscu¬ 
lature,  or  (more  commonly)  to  describe  epileptic  patients  who 
have  emotional  disturbances,  anxiety  and  other  psychological 
symptoms  in  addition  to  their  epileptic  fits.  In  fact,  most 
people  subject  to  seizures  have  anxiety  as  a  result  of  the  danger 
and  the  social  stigma.  Moreover,  in  many  epileptic  patients 
anxiety,  specific  fears,  and  even  concrete  phobias  may  act  as 
precipitating  causes  for  the  epileptic  attacks.  This  is  under¬ 
standable  if  one  realizes  that  the  cerebral  disorder  of  epilepsy 
is  almost  always  accompanied  by  a  lowering  of  the  sensory- 
motor  threshold,  so  that  in  some  patients  simple  stimuli, 
such  as  a  loud  noise,  a  bright  light,  constipation,  phimosis  or 
acute  infection  may  precipitate  seizures.  The  irritability, 
anxiety  and  the  fears  are  phenomena  associated  with  epilepsy; 
they  may  be  called  the  psychoneurotic  concomitants  of  a 
chronic  disease,  but  they  have  nothing  to  do  with  hysteria. 

Many  severely  epileptic  persons  are  pedantic,  self-centered, 
repetitive  and  fanatical.  They  have  often  used  drugs  for  years. 
Those  who  are  social  outcasts  because  of  their  fits  show  these 
traits  most,  so  it  is  probable  that  the  personality  disorder  is 
usually  the  result  of  frustration  and  drugs.  The  majority  of 
epileptics  are  as  varied  in  their  psychological  patterns  as  the 
general  run  of  humanity.  Marked  mental  deterioration  is  seen 
in  some  cases;  these  patients  usually  have  degenerative  or 
aplastic  cerebral  disease  with  consequent  fits.  Most  epileptics 
live  in  the  community  and  show  little  or  no  intellectual  de¬ 
terioration. 

“epileptic  insanity”  and  the  temporal  lobe 

Seventy  years  ago  Hughlings  Jackson  (2)  gave  several  re¬ 
markably  vivid  descriptions  of  the  different  phenomena  seen  in 
epileptic  patients.  Among  them  he  described  especially  well 
the  “psychical  states”  that  may  occur  as  fits  or  warnings  of 
fits.  He  also  described  the  amnesias,  panics  and  confusions 
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that  may  occur  as  fits  or  may  be  the  latter  part  of  a  long  seizure 
that  begins  with  a  convulsion.  He  pointed  out  that  the  motor 
part  of  such  seizures  was  rarely  convulsive  and  was  usually  a  re¬ 
petitive  and  inappropriate  action.  These  automatic  acts  were 
performed  during  a  state  of  amnesia  and  confusion.  He  called 
them  “automatisms”  to  distinguish  them  from  the  more  usual 
motor  part  of  a  fit,  the  convulsive  jerking  of  muscles.  He  not 
only  described  these  psychic  states  and  automatisms  but  he 
ascribed  them  in  some  cases  to  lesions  of  the  temporal  lobe. 

Advance  in  neurological  and  electroencephalographic  tech¬ 
niques  has  led  to  the  recognition  of  abnormalities  of  the  tem¬ 
poral  lobe  and  deeper  related  structures  as  frequently  con¬ 
nected  with  the  mental  disorders  of  epilepsy.  Electrograms 
made  from  the  exposed  temporal  lobes  at  operation  on  patients 
with  “epileptic  insanity”  (11)  have  frequently  shown  large 
spike  potentials.  Excision  of  the  anterior  half  of  the  temporal 
lobe  in  such  cases  has  usually  relieved  the  mental  symptoms  if 
they  were  episodic  and  related  to  the  specific  seizures.  The 
chronic  paranoid  and  other  schizoid  symptoms  of  deteriorated 
epileptics  have  not  been  relieved.  The  relationship  of  the 
temporal  lobe  to  emotions  and  visceral  reactions  has  been  dis¬ 
cussed  in  Chapters  II  and  V.  It  seems  that  the  recent  ob¬ 
servations  on  epileptics  with  temporal  lobe  lesions  brought 
together  clinical,  electrographic  and  neurosurgical  information 
which  may  be  most  important  in  relating  mental  and  emotional 
disturbances  to  cerebral  lesions  in  the  region  where  archicortex 
and  neocortex  join  in  the  temporal  lobe. 
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Chapter  XIII 


SOME  PSYCHOLOGICAL  CONCEPTS  IMPORTANT  IN 

MEDICINE 

The  field  of  psychology  is  broad;  in  fact,  it  enters  into  all 
human  learning  because  man  himself  makes  the  observations, 
through  his  sense  organs,  upon  which  all  knowledge  is  based. 
Thus  it  is  obviously  impossible  to  give  even  an  outline  of  the 
facts  of  psychology  in  a  single  chapter.  Nevertheless  there 
are  certain  facts  and  theories  which  are  of  especial  interest  to 
medical  men,  and  these  are  topics  of  this  chapter. 

A  considerable  part  of  psychology  is  the  study  of  the  physi¬ 
ology  of  the  sense  organs.  This  is  well  presented  in  many 
textbooks.  Neurology  deals  with  the  reception  and  integration 
of  the  sense  impressions  within  the  central  nervous  system,  and 
the  reflex  and  complex  responses  to  stimulation.  The  study  of 
symbolization  brings  one  to  the  borderland  where  neurology  and 
psychology  meet  in  the  field  of  language.  The  lines  drawn 
between  the  subjects  are  arbitrary  and  practical;  in  one  uni¬ 
versity  psychology  may  be  almost  entirely  experimental  neurol¬ 
ogy  because  of  the  leadership  of  a  professor  skilled  in  that  field ; 
in  another  it  may  be  dominated  by  an  interest  in  mental  meas¬ 
urement;  in  a  third  it  might  be  personality  studies  by  clinical 
methods. 

The  field  is  so  extensive  that  workers  in  the  different  parts 
of  psychology  hardly  speak  the  same  language.  The  experi¬ 
mental  psychologist  has  learned  many  of  his  techniques  from 
the  physiologist  and  mathematician.  He  may  not  see  how  a 
sound  scholar  can  be  interested  in  such  a  hopelessly  complex 
subject  as  the  “human  nature”  of  an  individual  person.  To 
him  there  are  so  many  variables  that  the  study  is  impossible. 
He  may  even  say  it  is  not  “science,”  and  therefore  not  worthy 
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of  study,  thus  relieving  himself  of  the  responsibility  of  tackling 
a  difficult  job.  The  clinically  minded  psychologist,  however, 
may  admit  that  the  study  of  man  is  difficult,  yet  insist  that  it  is 
the  most  important  branch  of  science  that  exists.  He  there¬ 
fore  will  go  ahead  and  do  the  best  he  can,  urged  on  by  the  fact 
that  industrial  executives,  army  generals  and  college  presidents 
are  clamoring  for  ways  of  recognizing  good  and  bad  character. 
“Personalogy”  is  to  all  directors  of  personnel  an  important 
though  undeveloped  and  inexact  science.  A  modern  concep¬ 
tion  of  the  study  of  personality  is  excellently  put  together  in 
the  book  by  Kluckhohn  and  Murray  (1). 

It  is  brought  home  to  us  from  all  sides  that  the  great  and 
urgent  problem  of  our  time  is  to  understand  human  behavior 
in  order  better  to  control  it.  This  is  also  phrased  as  the  need 
to  bring  our  knowledge  of  social  psychology  up  to  somewhere 
near  the  level  of  accuracy  and  usefulness  that  now  obtains  in 
our  knowledge  of  the  physical  sciences.  More  simply,  we  need 
to  know  as  much  about  motivations  as  we  do  about  physics, 
or  we  well  may  perish  because  of  advances  in  the  latter.  Yet 
when  an  original  thinker  like  Freud  takes  up  the  exploration 
of  human  motivations  by  a  new  method,  he  is  berated  and 
ostracized  by  the  orthodox  scientists,  whose  chief  complaint 
is  that  this  is  not  science.  It  is  a  hopeful  sign  that  the  workers 
in  the  fields  of  the  Behavioral  Sciences  are  examining  Freud’s 
postulates  and  rewording  them  into  more  palatable  and  more 
readily  validated  propositions.  Moreover,  they  are  collab¬ 
orating  closely  with  mathematicians  and  communication  engi¬ 
neers,  on  the  one  hand,  and  ethologists  and  zoologists,  on  the 
other.  Current  work  published  in  the  new  journal,  “Behav¬ 
ioral  Science”,  justifies  the  hope  that  this  tolerant  but  critical 
kind  of  investigation  will  bear  fruit. 

INSTINCTS 

More  of  man’s  behavior  is  inherited  than  one  usually  realizes. 
This  was  well  demonstrated  by  Thorndike  (2)  thirty  years 
ago.  He  lists  many  patterns  of  behavior  that  are  typical  of 
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the  species  homo  sapiens  and  that  are  inborn,  appearing  when 
appropriate  stimuli  from  the  environment  set  them  off.  These 
are  well  exemplified  by  man’s  behavior  when  he  has  to  choose 
between  domination  over,  or  submission  to  another  male.  If 
both  parties  take  the  attitude  of  domination  (head  up,  chest 
out,  hands  clenched  and  raised,  etc.)  a  fight  ensues  until  one 
shows  the  signs  of  submission.  Training  in  civilized  countries 
during  peace  has  modified  these  reactions  so  that  they  are  in¬ 
conspicuous  in  ordinary  social  situations,  but  one  has  only  to 
compare  the  extensor  “position  of  a  soldier”  as  defined  in  a 
military  manual  with  the  flexor  posture  of  prayer,  to  see  that 
here  is  something  fundamental. 

These  human  patterns  of  behavior,  however,  might  be  con¬ 
sidered  as  poor  proof  of  the  thesis  were  it  not  for  the  remarkably 
similar  reactions  seen  in  other  vertebrates.  For  example  the 
night  heron  (3)  has  formalized  combat  into  a  bowing  contest. 
If  one  male  heron  invades  another’s  area  there  is  a  formal  pro¬ 
cedure  for  settling  the  question  as  to  who  shall  be  boss.  The 
herons  approach,  raising  and  bowing  their  heads  slowly  and 
rhythmically  on  their  long  necks;  the  crest  feathers  are  flat, 
the  birds  look  angry.  Finally  one  heron  lowers  his  head,  as  if 
humbly  looking  at  the  other’s  feet,  while  the  other  raises  his 
high  and  holds  it  there.  He  has  won.  The  bird  who  has 
taken  the  posture  of  submission  thereafter  continues  to  behave 
submissively.  Such  behavior  is  a  characteristic  of  the  species. 
It  is  the  more  remarkable  because  it  seems  to  be  so  highly 
civilized,  for  the  beginning  and  the  end  have  all  the  earmarks  of 
a  fight,  but  the  fight  itself  is  replaced  by  a  ritual  which  accom¬ 
plishes  the  desired  result. 

The  herd-instinct  is  strong  in  man  and  loneliness  is  a  severe 
affliction  to  normal  persons.  Group  reactions  are  greatly  dis¬ 
guised  in  modern  urban  living,  because  to  be  alone  is  practically 
impossible  and  safety  from  major  risks  is  assured  by  police, 
firemen  and  insurance  companies.  Yet  a  group  of  urbanites 
taken  into  the  field,  as  in  maneuvers  or  war,  quickly  show  the 
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reactions  of  gregariousness.  In  an  unorganized  group  domina¬ 
tion-submission  reactions  will  soon  arrange  the  members  into 
a  hierarchy  of  leaders  and  led.  So  in  domestic  fowl  (4),  six  or 
eight  hens  put  together  in  a  yard  establish  a  “pecking  order” 
in  a  few  days.  The  lowliest  hen  is  pecked  with  impunity  by  all 
the  others;  the  next  higher  pecks  only  the  lowest  and  is  pecked 
by  the  rest,  while  the  top  of  the  order  can  peck  all  the  others 
without  arousing  any  retaliative  response. 

The  maternal  behavior  of  women  is  full  of  acts  which  were 
not  learned,  but  occur  in  all  normal  members  of  the  species. 
In  modern  cities  woman  shows  this  behavior  in  a  fragmentary 
and  disguised  way,  but  a  great  deal  can  be  seen  bj^  one  used  to 
the  ways  of  primitive  women.  The  strong  instinct  of  self- 
preservation  is  often  set  aside  by  women  in  defense  of  a  child. 
One  could  rationalize  this  and  call  it  a  premeditated  and  altru¬ 
istic  act,  and  perhaps  uphold  his  argument,  were  it  not  for  the 
great  variety  of  examples  of  similar  behavior  in  untutored 
animals.  For  example  many  ground  birds  will  try  to  attract 
a  man  or  a  dog  away  from  their  brood  by  fluttering  as  if  in¬ 
jured  just  in  front  of  the  enemy,  dragging  a  wing  as  if  it  were 
broken,  just  escaping  capture  time  and  again  until  the  enemy 
has  been  drawn  well  away  from  the  hidden  brood.  Then  the 
mother  takes  wing,  but  watches  and  may  repeat  the  process  if 
the  hiding  young  are  again  approached.  The  mother  bird 
has  probably  never  seen  a  broken  wing  and  certainly  no  ex¬ 
periments  lead  one  to  believe  that  birds’  brains  are  capable 
of  reasoning  that  broken-wing  behavior  will  attract  an  enemy. 
It  is  a  regular  pattern  of  behavior  found  in  certain  species. 

Animals  do  not  build  up  behavior  by  inheriting  simple  re¬ 
flexes  and  by  trial  and  error  combining  them  into  useful  move¬ 
ments.  This  integration  of  movements  into  behavior  patterns 
is  to  a  remarkably  large  extent  inborn.  Coghill  (5)  showed 
that  the  developmental  linking  up  of  certain  spinal  neurons  in 
amphibian  embryos  brought  out  motor  patterns  of  a  complex 
and  purposeful  type ;  simple  motor  reflexes  were  never  seen  in 
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a  state  of  nature.  Despite  nursery  tales,  birds  are  not  taught 
to  fly;  when  they  are  ready,  they  just  take  wing.  An  oriole  can 
weave  its  hammock-like  nest  the  first  spring  it  returns  from  the 
South  as  an  adult,  without  benefit  of  parental  tuition.  Even  a 
beaver,  taken  early  from  its  parents  before  it  has  seen  anything 
except  the  dark  interior  of  the  beaver-house,  can  perform  in 
captivity  the  remarkable  feats  of  hydraulic  engineering  for 
which  the  race  is  known.  Such  observations  give  one  pause 
when  he  tries  to  answer  the  question  about  man :  How  much  is 
original,  inborn  nature  and  how  much  is  learned?  The  question 
is  often  posed  as  “instinct  versus  environment.”  Here  is  an¬ 
other  of  those  naive  and  beguiling  dichotomies  that  are  the 
curse  of  logical  thinking  in  science.  The  thesis  that  all  be¬ 
havior  is  either  inherited  (unlearned)  or  acquired  (learned)  is 
too  simple  to  meet  the  facts.  Beach  (6)  shows  that  many  ex¬ 
amples  of  “instinctive”  (genetically  determined)  behavior  can 
be  shown  to  have  been  determined  partly,  for  example,  by  ex¬ 
periences  of  the  organism  during  larval  or  embryonic  develop¬ 
ment.  Thus  responses  said  to  be  specific  for  the  species  (and 
hence  called  instinctive)  often  may  result  from  several  factors. 
Unless  the  ontogeny  of  a  certain  behavior  pattern  is  carefully 
studied  to  determine  the  number  and  kinds  of  factors  that 
control  its  final  form,  it  cannot  be  classified  properly.  Beach 
believes  that  when  such  studies  are  systematically  carried  out 
the  concept  of  “instinct”  will  disappear. 

Intermediate  between  instincts  and  learned  reactions  are 
some  special  behavior  patterns  described  by  Lorenz  (6)  as 
“inborn  receptory  patterns.”  These  appear  to  be  completed 
before  the  animal  is  born  or  hatches,  but  they  differ  from  in¬ 
stincts  in  that  the  stimulus  that  releases  them  must  be  very 
specific  (e.g.,  visual  and  from  above)  and  must  occur  during  a 
certain  short  period  of  the  animal’s  life  (for  instance,  during  the 
hour  just  after  the  hatching  of  birds).  For  example,  the 
parent-companion  of  a  newly  hatched  gosling  is  the  first  object 
he  sees  above  him  after  emerging  from  the  shell.  If  he  is 
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hatched  in  an  incubator  and  sees  a  man,  his  following  reactions 
are  set,  and  he  will  ardently  follow  a  man  and  pay  no  attention 
to  his  own  mother  if  he  meets  her  later  on.  Ravens  and  other 
birds  have  failed  to  breed  in  captivity  because  these  tame  in¬ 
dividuals  responded  sexually  to  their  keepers  instead  of  to  each 
other.  Lorenz  once  hatched  a  brood  of  muscovy  ducks  under  a 
pair  of  graylag  geese.  The  parent-child  relations  in  this  artifi¬ 
cial  family  dissolved  sooner  than  is  normal  for  either  of  the  two 
species,  but  ten  months  later  the  one  male  bird  among  these 
young  muscovies  began  to  display  sexual  reactions  and  pursued 
graylag  geese  instead  of  muscovy  ducks. 

Many  psychologists  and  psychiatrists  who  deal  with  human 
beings  become  engulfed  in  the  complexity  of  their  material  and 
never  become  acquainted  with  the  simple  and  important  facts 
of  “natural  history.”  Training  in  the  simple  biology  of  barn¬ 
yard  and  forest  is  a  great  educational  advantage.  The  fact 
that  many  psychiatrists  are  urban  products,  knowing  little  of 
these  biological  fundamentals,  has  led  to  much  misunderstand¬ 
ing  of  what  an  instinct  really  is  and  to  much  vague  use  of  such 
terms  as  “instinctual.” 

In  1954,  Fuller,  writing  on  “Nature  and  Nurture,”  said: 
“Heredity  is  the  capacity  to  utilize  our  environment  in  a  partic¬ 
ular  way.”  Here  is  a  striking  epigram  from  a  zoologist  who 
specializes  in  animal  behavior.  Most  scientists  agree  that  to 
some  extent  what  we  call  “instinct”  has  to  do  with  inherited 
(rigid,  inborn,  genetic,  unlearned)  patterns  of  behavior.  The 
old  polemic  about  heredity  versus  environment  is  fortunately 
outmoded.  It  still  persists  among  those  who  would  tell  us 
about  their  favorite  horse,  dog,  or  parrot;  but  scientifically  it  is 
dead  (8). 

Recently  a  new  discussion  of  “instinct”  has  arisen  in  the 
realm  of  animal  psychology.  Lorenz  and  Tinbergen  have  been 
largely  responsible  for  the  development  of  a  new  field  in  zoology 
called  “Ethology,”  which  is  essentially  the  comparative  study 
of  animal  behavior.  It  is  a  science  that  uses  field  studies  and 
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simple  experiments.  It  developed  partly  as  a  reaction  against 
the  recent  trend  of  experimental  psychology,  in  which  a  small 
number  of  partly  domesticated  laboratory  animals  were  being 
intensively  studied  by  increasingly  intricate  methods.  Ethol¬ 
ogists,  on  the  other  hand,  emphasize  the  study  of  many  species 
under  natural  conditions  to  find  out  how  the  behavior  patterns 
came  about.  Lorenz  studies  the  phylogeny  of  behavior;  he  be¬ 
lieves  that  organisms  have  significant  histories ;  he  is  interested 
in  causation,  and  such  processes  as  “selective  pressure”  and 
“survival  value”  in  the  environment.  He  has  been  the  pioneer 
in  describing  social  signals  which  release  special  behavioral 
responses.  These  he  has  appropriately  called  “releasers.” 
They  lead  to  sequences  of  motor  reactions  important  for  race 
survival.  Such  motor  patterns  are  often  greatly  ritualized  in 
birds,  reptiles,  and  fishes,  less  so  in  mammals.  Many  interest¬ 
ing  analogies  can  be  brought  out  with  human  behavior,  espe¬ 
cially  at  parturition  and  during  the  puerperium.  Attacking 
the  problem  from  the  receptor  side,  he  has  shown  how  young 
animals  are  profoundly  affected,  at  certain  specific  stages  of 
development,  by  environmental  events.  At  these  susceptible 
times  they  can  be  “imprinted”  by  special  experiences.  Ap¬ 
propriate  experiences  hne  them  up  with  the  general  behavior  of 
the  species,  but  abnormal  and  experimentally  planned  experi¬ 
ences  can  “imprint”  them  permanently  with  abnormal  be¬ 
havior  patterns. 

The  ethologists  believe  that  innate  behavior  patterns  (“in¬ 
stincts”)  are  laid  down  in  the  neurological  pattern  of  the  brain; 
that  their  motor  patterns  are  inhibited  by  higher  nervous 
mechanisms  until  the  appropriate  stimulus  (“releaser”)  is  ap¬ 
plied  to  the  animal.  Then  the  instinctive  act  is  performed 
automaticall}7  and  in  its  complete  sequence  of  motor  expres¬ 
sions.  The  threshold  for  the  releasing  stimulus  can  be  low¬ 
ered  by  “selective  pressure,”  for  example,  many  of  the  instinc¬ 
tive  patterns  are  related  to  mating  rituals,  display  during 
courting,  etc.  The  rising  secretion  of  sex  hormones  in  the 
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spring  is  the  selective  pressure  that  lowers  the  threshold  and 
allows  release  so  easily  at  this  season.  Greater  stimulus  might 
do  it  at  other  seasons.  Lorenz  believes  that  patterns  of  motor 
behavior  may  occur  “spontaneously”  if  the  pressure  is  high. 

A  number  of  psychologists  and  zoologists  have  taken  excep¬ 
tion  to  the  views  of  the  ethologists.  They  believe  that  the  con¬ 
cept  of  “instinctive  acts”  as  innate,  hereditary  forms  of  be¬ 
havior  is  no  longer  tenable.  They  believe  that  the  ethologist’s 
description  of  neuronal  patterns,  inhibitory  mechanisms,  and 
releasers  is  too  schematic.  They  point  out  that  modern  stu¬ 
dents  of  embryological  development  show  that  from  the  very 
beginning  (after  sperm  and  ovum  meet  and  cell  division  begins) 
the  development  of  the  embryo  is  greatly  influenced  by  environ¬ 
ment.  The  genes  in  the  chromosomes  in  each  cell  are  primary 
guides  as  to  how  the  cells  shall  grow  and  form  tissues.  But 
they  can  guide  only  in  relation  to  two  important  and  continuous 
environmental  forces: 

(1)  There  are  chemical  changes  in  the  fluid  environment  as 
cells  multiply  and  differentiate.  These  are  caused  by  the  cells 
and  affect  all  cells.  At  first  the  changes  are  simple,  the  effects 
of  oxygen,  carbon  dioxide,  electrolytes,  etc.,  but  later  there  are 
complex  effects  such  as  those  from  hormones. 

(2)  Nerve  impulses  from  sense  organs  play  on  the  growing 
nervous  tissue  as  soon  as  it  takes  primitive  form.  These  af¬ 
ferent  impulses  are  to  be  looked  on  as  physico-chemical  stimuli 
whose  presence  or  absence  affects  maturation  of  the  nervous 
tissue.  These  stimuli  guide  its  growth  by  a  feed-back  process; 
they  cause  it  to  function  with  its  efferent  parts,  and  this  leads 
to  more  afferent  stimuli.  This  is  called  “experience”  of  the 
nerve  cells  at  first;  later  in  the  more  mature  nervous  system  it 
attains  the  dignity  of  “learning.”  Thus,  the  genic  influences 
on  the  formation  of  the  organism  are  basically  important,  but 
certainly  are  not  the  only  directing  influences.  In  fact,  Fuller 
states  that  “development  is  a  continuous  transaction  between 
the  organism  and  its  surroundings”  and  follows  this  with  the 
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definition  quoted  above,  that  “heredity  is  the  capacity  to 
utilize  an  environment  in  a  particular  way.” 

The  psychoanalytical  concept  of  “instinctual  drive”  has  little 
to  do  with  the  concept  of  maturation  and  inborn  patterns  of 
bahavior  described  in  the  three  preceding  paragraphs.  It  has 
much  to  do  with  Lorenz’  concept  of  lowered  threshold  caused 
by  chemical  stimulation,  which  he  calls  “pressure.”  Freud’s 
term  “Trieb”  was  badly  translated  as  “instinct;”  it  would  have 
been  better  if  the  less  specific  word  “drive”  had  been  used. 
These  “drives”  could  be  anything  from  a  need  for  oxygen  to 
the  complex  hormonal  stimuli  invoked  by  Lorenz  to  explain 
the  onset  of  courting  rituals  of  birds.  Freud  believed  that 
human  behavior  was  profoundly  affected  by  the  chemistry  of 
the  body. 

Maturation  of  the  organism,  with  adult  reactions  to  environ¬ 
ment,  is  attained  only  by  continuous  interaction  of  genes, 
humoral  chemistry,  and  nerve  impulses.  Literally,  the  genes 
start  the  cells  off  to  use  the  environment  in  a  particular  way. 
The  chemical  and  nervous  changes  keep  this  process  going  until 
an  amazingly  complex  result  is  achieved  which  combines  species 
uniformity  and  individuality. 

Russell  and  Russell  give  an  excellent  modern  discussion  of 
intelligence  and  instinct  in  Behavioral  Science  (2:169,  1957). 
They  make  an  arbitrary  distinction  between  man,  as  the  ex¬ 
ponent  of  the  intelligence  system,  and  all  other  animals  as  the 
harbingers  of  instincts.  They  carefully  discuss  the  semantic 
difficulties  and  urge  that  the  term  instinctive  be  applied  to 
all  rigid  or  relatively  unmodifiable  behavior  mechanisms,  ir¬ 
respective  of  their  origin  and  mode  of  development.  They 
point  out  the  fundamental  similarities  between  instinctive 
behavior  in  lower  animals  and  pathological  behavior  in  man. 
Halstead’s  work  is  analyzed  and  viewed  as  the  first  successful 
approach  to  the  problem  of  intelligence,  because  he  started 
from  the  concept  of  biological  adaptiveness.  For  him  the 
intelligence  system  is  not  merely  a  mode  of  adaptation  to 
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present  environment,  but  alse  a  mode  of  progressively  increasing 
adaptability. 

INTELLIGENCE  AND  SPECIAL  ABILITIES 

Man  has  developed  somewhat  differently  from  other  animals 
in  respect  to  uniformity.  His  inborn  genetic  pattern  is  more 
variable,  members  of  the  species  homo  sapiens  differ  widely  in 
build,  features,  character  and  ability,  whereas  lower  mammals 
have  much  less  individuality,  and  birds,  with  their  greatly  de¬ 
veloped  instinctive  behavior,  differ  comparatively  little  one 
from  another  within  a  species.  Song  birds,  tits,  crows  and 
parrots  have  more  individual  adaptability  whereas  more  primi¬ 
tive  birds  such  as  loons  and  penguins  remind  one  of  their  rep¬ 
tilian  ancestors  by  their  more  uniform  and  unmodifiable  pat¬ 
terns  of  behavior. 

Intelligence  in  man  is  apparently  an  inborn  trait,  or  more 
carefully  put,  the  structures  that  make  possible  intelligence  are 
heritable  and  usually  produce  rather  similar  functions  in  parent 
and  child.  As  a  rule  dull  people  produce  dull  children, 
mediocre  parents  produce  mediocre  children  and  bright  produce 
bright.  But  this  only  holds  in  the  normal  range.  The  high 
and  low  extremes— the  imbeciles,  idiots  and  geniuses — are  much 
more  chance  occurrences,  the  two  former  often  being  the  result 
of  environmental  accidents  such  as  injury  and  infection  (see 
page  228). 

Intelligence  is  a  noun  which  indicates  that  the  possessor  has 
the  ability  to  behave  intelligently,  that  is  to  say,  he  can  use  his 
brain  to  adapt  to  new  situations,  to  act  usefully,  to  reach  a 
goal.  The  study  of  intelligence  was  without  solid  base  until 
Binet  undertook  to  study  a  large  number  of  children  in  the 
Paris  schools  and  hit  upon  the  important  principle  that  the 
normal  development  of  the  child’s  brain  goes  parallel  with  the 
maturation  of  the  mind,  and  that  at  a  certain  age  a  certain  per¬ 
formance  is  to  be  expected.  He  did  not  speculate  about  these 
performances,  but  by  examining  thousands  of  children,  found 
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out  what  they  did  do.  Average  performances  were  then  said 
to  be  "normal,”  and  the  concept  of  mental  age  was  established. 
The  tests  were  simple  and  largely  verbal.  Since  then  other 
workers  have  extended  the  tests  somewhat  to  take  in  younger 
and  older  ages,  and  to  bring  in  performance  tests  not  dependent 
upon  language.  If  a  child’s  mental  age  coincides  with  his 
chronological  age,  i.e.,  if  the  ratio  is  8/8  his  "I.Q.”  is  the  quo¬ 
tient  or  1.00,  usually  spoken  of  as  100.  If,  however,  his  mental 
age  is  6  and  his  chronological  age  8,  his  I.Q.  will  be  6/8  or  75. 
The  Intelligence  Quotients  are  remarkably  constant  for  any 
given  child  if  emotional  and  educational  factors  are  ruled  out, 
and  the  improved  tests  are  more  and  more  successful  in  accom¬ 
plishing  this.  Nevertheless,  mistaken  diagnoses  are  possible 
especially  in  emotionally  disturbed  children. 

A  child  with  an  I.Q.  below  25  is  usually  called  an  idiot,  25  to 
50,  an  imbecile,  50  to  70,  a  moron,  70  to  90  a  dull  normal,  while 
the  normal  range  is  from  90  to  110.  Above  that  are  various 
degrees  of  superior  intelligence.  The  percentages  of  the  differ¬ 
ent  groups  when  plotted  give  a  smooth  distribution  curve  such 
as  is  found  in  other  biological  measurements.  In  tabular  form 
this  can  be  shown  as  follows: 


Idiots .  I.Q.  below  25l 

Imbeciles .  I.Q.  below  50l  1%  of  all  children 

Morons .  I.Q.  below  70j 

Dull .  I.Q.  70  to  90  19% 

Normal .  I.Q.  90  to  110  60% 

Bright .  I.Q.  110  to  130  19% 

Superior .  I.Q.  above  130  1% 


Genius,  in  the  narrow  sense  of  the  word,  is  so  rare  that  little 
is  known  about  its  inheritance,  but  Havelock  Ellis  (9)  found 
that  fortunate  combinations  of  talented  grandparents  or  parents 
frequently  occurred  in  the  family  history  of  persons  of  genius. 
In  1030  persons  judged  to  be  "geniuses,”  however,  he  found 
only  49  with  closely  related  persons  of  genius  (siblings  15, 
father  14,  grandfather  5,  aunt  or  uncle  15).  This  is  a  contro- 
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versial  field.  Genius  differs  from  ability  and  talent  largely  by 
degree.  Many  geniuses  have  “one  track  minds,”  and  follow 
one  bent  to  the  exclusion  of  others;  some  are  extremely  versa¬ 
tile.  Probably  they  are  less  evenly  developed  than  the  able 
“men-of-the-world”  and  the  most  narrow-minded  resemble  the 
idiots  savants,  persons  so  unbalanced,  that  although  they  can 
do  some  one  mental  trick  extraordinarily  well,  they  have  to 
live  in  mental  hospitals.  In  this  connection  one  is  reminded  of 
the  many  precocious  youths  who  become  schizophrenic  in  their 
twenties.  Some  of  these  might  have  become  geniuses  if  the 
world  had  treated  them  better,  if  their  environment  had  been 
particularly  fortunate. 

The  problem  is  greatly  complicated  by  social  factors,  for  the 
gifted  tend  to  get  privileges  and  the  privileged  naturally  try  to 
hold  their  position  by  giving  the  best  possible  training  to  both 
their  dull  and  bright  children.  Holding  their  social  advantage 
is  not  difficult  because  their  families  almost  always  have  better 
than  average  genes.  The  other  side  of  the  picture  is  seen  in 
those  children  of  good  ability  who  have  been  unable  to  utilize 
their  powers  because  of  emotional  inhibitions  and  blockings, 
and  who  have,  as  a  result,  been  classed  as  dull  or  even  feeble¬ 
minded  by  their  teachers.  They  may  become  discouraged  and 
inferiority  feelings  may  impair  their  efficiency,  perhaps  per¬ 
manently,  unless  appropriate  therapy  is  instituted. 

RATE  OF  ACTIVITY 

Behind  each  person’s  psychological  reactions  is  a  funda¬ 
mental  quantitative  factor  that  determines  not  what  he  does, 
but  how  much  he  does.  It  is  the  mechanism  that  gauges  how 
quickly,  how  often  and  how  long  he  will  react  to  stimuli. 
Physiologically  one  might  speculate  that  it  has  to  do  with  the 
activating  mechanisms  in  the  reticular  formation  of  the  brain¬ 
stem  (see  fig.  13)  that  keep  the  thalamus  and  cerebrum  alert. 
There  is,  however,  a  Made  gap  in  our  knowledge  and  it  is  not 
yet  proven  that  these  centers  have  anything  to  do  with  such 
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clinical  states  as  elation  and  depression.  It  has  been  shown, 
however,  that  lesions  in  the  reticular  substance  of  the  upper 
brainstem  will  cause  prolonged  stupor  in  man. 

It  is  probable  that  variations  in  activity  rate  are  of  great  im¬ 
portance  in  determining  the  structure  of  character  and  per¬ 
sonality.  One  has  only  to  read  descriptions  of  such  successful 
men  as  Francis  Bacon,  who  was  profligate  with  his  great  store 
of  energy,  or  of  Darwin,  who  lived  on  a  careful  neurotic  regime 
in  order  to  work  a  few  hours  a  day,  to  see  how  greatly  these 
men  of  genius  varied  in  their  activity.  Many  words  are  used 
to  describe  this  human  trait — “energy,”  “drive,”  “61an  vital,” 
“libido” — but  the  problem  rests  at  the  descriptive  level. 

I  remember  vividly  my  experience  at  Harvard’s  tercentenary 
celebration,  where  I  was  host  and  guide  to  one  of  the  men  who 
received  an  honorary  degree.  Sixty  men  from  all  branches  of 
Arts  and  Sciences  had  been  chosen  from  different  countries  to 
receive  these  degrees  and  they  made  a  good  sample  of  what  is 
recognized  today  as  academic  success.  Seeing  and  meeting 
them  was  an  exceptional  opportunity  and  after  the  guests  had 
departed  I  tried  to  analyze  and  generalize  from  the  experience. 
One  thing  stood  out :  most  of  these  men  seemed  to  have  bound¬ 
less  energy,  vitality  and  enthusiasm  for  their  work.  There 
were  a  few  of  the  frail  Darwinian  type,  but  certainly  most  were 
robust  and  hyperactive.  One  might  conclude  that  some  few 
men  could  reach  the  top  through  spirit  overcoming  inferior 
physique,  but  the  usual  combination  for  winning  seemed  to  be  a 
good  mind  plus  boundless  energy. 

It  is  important  to  describe  this  state  of  the  organism.  Clini¬ 
cally  one  can  say  a  good  deal ;  this  energetic  character  seems  to 
go  with  a  bright  eye,  quick  reaction  time,  upright  carriage  and 
euphoric  mood.  Farther  than  that  one  cannot  go ;  the  character 
and  personal  traits  seem  too  variable,  and  the  overlay  of  super¬ 
ficial  reactions  are  too  numerous.  From  the  standpoint  of 
build  there  was  no  uniformity— all  types  seemed  to  be  repre¬ 
sented.  Take  for  example  the  field  of  psychology  represented 
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by  the  massive  Jung,  the  sprightly  Janet,  and  the  lean  Adrian ; 
all  had  plenty  of  "spark,”  but  three  more  different  body  types 
would  be  difficult  to  find. 

From  the  physiological  standpoint  nothing  is  known  about 
these  different  levels  of  activity.  Even  in  the  pathological 
extremes  seen  in  the  manic-depressive  psychoses  no  significant 
abnormalities  are  found  by  our  present  methods  in  the  metab¬ 
olism,  blood  and  hormones  of  the  deeply  depressed  as  contrasted 
with  the  exhilarated  manic  patient. 

From  the  experimental  standpoint  little  has  been  done  to 
elucidate  the  rate  of  activity  in  man.  In  animals  various  cycles 
of  activity  occur,  some  of  which  have  been  carefully  studied. 
Sexual  periodicity  has  been  shown  to  be  a  function  of  the  gonads 
controlled  via  the  nervous  system  by  environmental  stimuli 
such  as  light  waves.  Richter’s  work  indicates  that  the  estrous 
cycle  is  related  to  marked  changes  in  motor  activity.  The 
most  common  and  obvious  variations  in  activity  are  seen  in 
the  diurnal  rhythms  of  animals  from  plankton  to  mammals  (10). 
On  these  foundations  a  beginning  has  been  made  to  study  rates 
of  motor  activity  in  man.  From  the  clinical  point  of  view  the 
work  of  the  sociologists  who  are  recording  the  behavior  of 
groups  of  persons,  and  the  interaction  of  individuals  within 
these  groups,  is  opening  an  important  field  of  research. 

MEMORY 

Memory  is  a  phenomenon  which  makes  learning  possible. 
Nothing  is  known  of  the  physico-chemical  changes  within  the 
chains  of  neurons  that  subserve  the  laying  down  of  memories; 
it  is  only  known  from  the  nature  of  the  phenomenon  that  there 
must  be  such  changes.  Wiener  (see  page  8)  has  postulated 
a  cybernetic  mechanism  for  one  sort  of  memory. 

There  are  many  observations  on  how  memory  works  and  what 
it  does.  Special  tests  have  been  described  for  testing  its  type 
and  degree  of  effectiveness.  Remote  memory  may  be  com¬ 
pared  to  immediate  retention.  The  effects  of  concomitant 
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emotions  have  been  studied  (11)  and  found  to  be  important 
both  in  aiding  and  in  inhibiting  memory  and  learning.  The 
idea  that  one’s  “intellect”  is  a  “higher  faculty”  and  worthy  of 
cultivation  while  one’s  “emotions”  are  lowly  and  to  be  sup¬ 
pressed  is  a  kind  of  Puritanical  simplification  that  has  been 
thoroughly  exploded.  Motivation  is  essential  to  learning  and 
both  pleasant  and  unpleasant  emotions  can  facilitate  memory. 
The  degree  of  emotion  experienced  during  learning  may  be  of 
great  importance. 

Clinical  observations  indicate  that  memory  has  a  certain 
amount  of  localization  in  the  cerebral  cortex  (see  also  Chapter 
V).  Around  each  of  the  main  receiving  stations  (fig.  12)  for 
touch  (areas  3  and  5)  hearing  (area  41),  vision  (area  17),  there 
are  areas  of  cortex  the  function  of  which  has  to  do  with  tactile 
memories  (area  40)  auditory  memories  (area  42)  and  visual 
memories  (areas  18  and  19).  The  most  clearcut  examples  are 
those  where  lesions  of  areas  18  and  19  have  caused  loss  of  the 
power  to  revisualize  a  scene  or  to  bring  up  sequences  of  images. 
The  victim  thus  may  get  lost  in  his  own  house  and  cannot  draw 
the  simplest  map  of  spatial  relations,  although  visual  perception 
is  good.  Similarly  loss  of  memory  for  sequences  of  motor  acts 
that  have  been  learned  by  the  tactile  senses  (both  deep  and 
superficial)  may  be  lost  by  a  lesion  in  area  40.  Thus  a  patient 
is  found  to  have  forgotten  how  to  use  a  pair  of  scissors  or  light 
a  cigarette  when  given  a  match  box.  These  subjects  have 
already  been  discussed  under  aphasia  and  apraxia  in  Chap¬ 
ter  IV.  Memories  may  be  connected  with  any  sensory  percep¬ 
tion;  perhaps  the  most  startlingly  vivid  ones  are  related  to  smell, 
but  memories  may  also  be  abstract. 

Various  psychological  examinations  can  be  used  to  bring  out 
the  differences  between  concrete  and  abstract,  recent  or  remote 
memories,  but  little  is  known  of  the  physiology  or  anatomical 
localization  of  such  functions.  Penfield’s  recent  demonstration 
that  memories  can  be  repeatedly  aroused  by  stimulating  points 
on  the  superior  and  posterior  temporal  cortex  is  of  great  in- 
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terest.  These  evoked  memories  are  often  vivid  visual  and 
auditory  repetitions  of  scenes  long  past.  Other  areas  in  the 
brain  that  react  to  the  stimulating  electrode  only  produce  crude 
motor  and  sensory  responses.  The  frontal  and  other  areas 
supposed  to  have  the  function  of  association  do  not  respond  at 
all.  (See  Chapter  V.) 


REPRESSION 

Although  several  psychiatrists*  before  Freud  had  postulated 
that  mental  activity  could  be  unconscious,  he  first  demon¬ 
strated  by  his  analytical  method  that  memories  are  frequently 
repressed  and  that  events  thus  forgotten  can  go  on  affecting 
one’s  behavior  although  outside  the  sphere  of  consciousness. 
His  demonstration  that  memories,  after  repression,  become 
unconscious  traces  which  can  be  reactivated  by  appropriate 
stimulation,  laid  the  foundation  for  a  new  theory  of  mind. 
This  was  opposed  to  the  popular  theory  that  mind  and  con¬ 
sciousness  were  the  same  thing.  It  brought  into  existence  a 
psychology  that  dealt  with  unconscious  motivation  and  un¬ 
conscious  conflict.  It  allowed  for  much  important  mental 
activity  going  on  below  the  threshold  of  conscious  awareness. 

Nowadays  almost  every  person  interested  in  psychology  is 
aware  of  the  fact  that  he  has  innumerable  fantasies  which  he 
represses,  that  he  is  continually  exercising  a  censorship  over  his 
thoughts  and  even  to  a  less  extent  over  his  dreams.  The  phe¬ 
nomenon  of  post-hypnotic  suggestion  is,  of  course,  the  most 
dramatic  example  of  unconscious  motivation.  Forgetting  to 
do  things  we  do  not  want  to  do  is  a  common  example  of  the 
effect  of  unconscious  conflict.  A  great  part  of  our  motivation 
is  unconscious  and  a  great  deal  of  our  behavior  illogical  and 
based  on  repressed  desires,  conflicts  and  emotional  reactions. 
American  psychoanalysts  usually  translate  Freud’s  term  “unbe- 

*  Maudsley  in  his  “Physiology  and  Pathology  of  mind”  wrote  in  1867: 
“Consciousness  is  not  co-extensive  with  mind”  and  “the  most  important  part 
of  mental  action  is  unconscious  mental  activity.” 


264 


FOUNDATIONS  OF  NEUROPSYCHIATRY 


wusst”  as  “unconscious.”  A  literal  translation  would  be  “un¬ 
beknown”  with  the  implication  that  the  “unbeknown”  thing  is 
forgotten,  that  the  mechanism  is  amnesic.  The  usual  transla¬ 
tion  into  “unconscious”  is  too  absolute  and  misses  all  this  sense 
of  the  repressed  and  forgotten.  Some  misunderstanding  as  to 
what  is  meant  by  “the  unconscious”  has  arisen  on  this  basis. 
Many  psychiatrists  do  not  realize  that  consciousness  is  a  matter 
of  degree.  (See  Chapter  VI.)  The  possibility  of  bringing 
a  repressed  memory  back  to  conscious  recognition  is  deter¬ 
mined  by  the  strength  of  the  emotional  block  that  is  causing  the 
repression.  Thus  the  difficulty  of  recall  appears  not  only  to  be 
a  matter  of  how  remote  the  memory  is  from  full  consciousness, 
but  of  how  strong  the  emotional  block  may  be  which  resists  the 
recall.  Some  memories  fade  out  of  consciousness  because  they 
are  insignificant,  others  cannot  be  brought  back  to  conscious¬ 
ness  because  they  are  too  significant. 

ATTENTION 

The  degree  of  attentiveness  with  which  one  listens,  looks  or 
otherwise  feels,  is  important  in  memory  and  learning.  It  has 
already  been  discussed  briefly  under  consciousness  (page  115). 
Physiologically  attention  may  be  described  as  a  motor-set,  a 
state  of  alertness  and  readiness.  Psychologically,  the  im¬ 
portant  thing  is  the  selectivity  of  attention.  Were  we  unable  to 
“focus  our  attention”  and  thus  were  equally  attentive  to  all 
stimuli,  we  would  be  useless  as  efficient  organisms.  Our  be¬ 
havior  would  resemble  that  of  the  manic  patient  whose  dis- 
tractibility  lets  his  “mind  jump  from  one  thing  to  another”  as 
fast  as  stimuli  impinge  upon  him.  Normal  people,  however, 
have  a  mechanism  that  constricts  the  field  of  consciousness, 
so  that  the  object  at  the  center  of  interest  is  intensely  perceived 
while  all  others  may  be  only  vaguely  sensed.  This  process 
takes  place  at  cerebral  levels  possibly  in  the  reticular  substances 
of  the  upper  brainstem  (see  page  113).  People  attending  an 
interesting  demonstration  have  reported  that  they  were  com- 
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pletely  unaware  of  things  going  on  around  them,  yet  under 
hypnosis  they  could  be  made  to  report  accurately  the  various 
subsidiary  things  that  had  happened.  The  sense  organs  re¬ 
ceived  the  stimuli  and  the  tracts  carried  them  to  the  brain, 
but  a  cerebral  mechanism  sorted  out  which  stimuli  should  re¬ 
ceive  the  spot  light  of  attention  and  which  should  be  left  in 
the  shadow  of  subconsciousness.  Thus  a  great  mass  of  im¬ 
pressions  are  received  and  registered  by  our  brains,  and  only 
a  few  are  consciously  remembered.  Those  that  have  the 
most  attention  are  remembered  longest. 

THE  LEARNING  PROCESS 

An  accurate  description  of  this  process  would  be  one  of  the 
most  important  additions  to  man’s  store  of  knowledge.  A 
certain  amount  is  known,  but  psychologists  are  a  long  way  from 
knowing  all  the  facts  and  from  making  the  known  facts  fit  into 
a  harmonious  pattern.  Most  medical  students  know  about 
Pavlov  and  the  “conditioned  reflex,”  probably  because  he  was 
a  professor  of  physiology  attached  to  a  medical  school,  but  in 
the  rush  of  first  year  physiology  there  is  little  time  left  for  the 
“higher  integrations”  after  the  fundamental  “reflex  physiology” 
has  been  taught.  Most  of  us,  however,  know  that  a  dog  sali¬ 
vates  when  he  sees  food  and  can  be  taught  to  salivate  when  a 
bell  rings  in  the  absence  of  food  by  combining  the  sight  of  food 
with  the  ringing  of  the  bell  a  few  times.  The  elaborations  of 
this  simple  “conditioning”  experiment  have  given  to  physi¬ 
ology  the  Pavlovian  concept  of  an  animal’s  “mind”  as  made  up 
from  learned  reactions  of  the  conditioned  reflex  sort,  combined 
into  behavior  dependent  on  the  animal’s  past  experience  (“con¬ 
ditionings”)  in  life.  The  complications  of  the  work  cannot  be 
taken  up  here;  suffice  it  to  say  that  Pavlov’s  observations  made 
a  scientific  approach  to  the  study  of  animal  behavior  as  based 
on  conditioned  reflex  arcs  which  facilitate  and  inhibit  each 
other  largely  through  mechanisms  in  the  cerebral  cortex.  From 
basic  Sherringtonian  physiology  plus  these  conditioned  reflexes 
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the  student  can  get  a  mechanistic  concept  of  psychology  (i.e., 
the  higher  integrative  functions  of  the  nervous  system)  that 
may  satisfy  his  immediate  clinical  needs. 

The  trouble  is  that  the  problem  is  not  so  simple,  the  experi¬ 
mental  situation  in  which  conditioned  reflexes  are  recorded  is 
not  a  vacuum  in  which  stimuli  act  on  an  isolated  brain  causing 
responses  in  an  isolated  salivary  gland.  The  dog  is  confined  in 
a  certain  sort  of  stand  familiar  to  him,  the  room  has  little 
noise,  but  all  senses  are  taking  in  stimuli  and  causing  associa¬ 
tive  reinforcement  to  the  test  “reflex  arc,”  which  thus  becomes 
a  much  more  complex  “situation-response”  problem.  The 
most  emphasized  of  the  incidental  stimuli  that  accompany  the 
unconditioned  “food-salivation”  reflex,  is,  of  course,  the  chosen 
conditioning  stimulus  (e.g.,  a  bell  rung  just  before  food  is  given) 
and  the  only  recorded  response  is  the  salivation ;  these  make  up 
the  data  with  which  the  Pavlovian  experimenter  works.  They 
are  collected  as  carefully  as  possible,  but  they  are  obviously 
artificially  isolated  from  a  complex  situation  (12).  Moreover 
Pavlov’s  experiments  on  dogs  may  well  have  universal  applica¬ 
tion  but  there  has  been  too  little  experimentation  on  man  to 
prove  their  complete  applicability.  There  is  evidence  (13) 
that  reflex  arcs  of  the  Pavlovian  type  do  not  form  the  principal 
basis  of  learning.  The  curves  plotted  for  conditioning  (better 
described  as  the  alteration  of  behavior  by  experience,  mediated 
by  a  cerebral  mechanism  dependent  on  ratios  of  intensities  of 
stimulation)  are  not  the  same  as  those  for  other  types  of  learn¬ 
ing.  Such  reflexology  does  not  explain  many  observed  facts 
and  leaves  no  room  for  teleology,  an  object  in  life  and  “free 
will.”  In  short,  before  one  can  have  a  good  idea  of  what  the 
learning  process  may  be,  he  must  have  some  acquaintance  with 
sign  learning,  trial  and  error  learning,  habituation  and  imprint¬ 
ing.  There  is  good  evidence  that  these  may  differ  significantly 
from  conditioning  (14). 

The  psychologists  accept  the  complexity  of  their  experiments 
on  man  as  part  of  the  game  and  deal  frankly  and  ingeniously 
with  these  complexities  and  difficulties  of  control.  Thorndike 
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(15)  gives  perhaps  the  simplest  description  of  learning  in  terms 
of  situation  and  response:  any  person  "is  the  total  of  his  S  — >  R 
probabilities.”  Situations  act  on  the  nervous  system,  which 
already  has  many  inborn  (instinctive)  mechanisms,  and  the 
forces  of  repetition  and  reward  determine  the  amount  of  learn¬ 
ing  that  takes  place  as  a  result  of  each  bit  of  life  experience. 
Punishment  seems  to  have  much  less  effect.  Some  investiga¬ 
tors  even  leave  out  repetition  as  an  important  factor;  so 
the  "influence  of  the  experience  of  life  upon  a  person’s  mind  is 
largely  by  way  of  occurrences  to  which  a  reward  is  attached”. 
To  this  simple  formulation  Thorndike  adds  a  most  important 
concept — the  "satisfyingness”  to  the  person  at  or  very  soon 
after  the  occurrence  of  an  S  — >  R  reaction.  His  experi¬ 
ments  show  that  this  after  effect  of  an  S  — >  R  connection  works 
back  upon  it  and  makes  it  more  likely  to  happen  again.  The 
fact  that  the  reaction  causes  satisfaction,  reinforces  and  conUrms 
it ;  thus  confirming  reactions  play  a  great  part  in  signalling  back 
"correct”  or  "well  done”  to  the  sensorimotor  connections 
causing  speed  in  the  learning  of  skills.  The  confirming  reaction 
is  a  kind  of  reward  and  man  can  change  his  mode  of  reaction 
"by  the  influence  of  his  own  confirmation  of  connections  whose 
consequences  satisfy  him.”  In  other  words  there  is  some  ex¬ 
perimental  basis  for  believing  in  the  psychological  effectiveness 
of  man’s  self-direction  towards  a  goal.  One  educates  himself 
along  lines  that  give  him  satisfaction;  one  is  partly  responsible 
for  the  good  or  bad  result.  Instincts  probably  account  for 
much  more  of  our  behavior  than  we  realize.  Unfortunately 
environment  may  load  the  dice  of  experience  against  us,  but  if 
confirming  reactions  give  us  the  choice  to  register  what  satisfies 
us,  there  is  room  for  a  modicum  of  "free  will.” 

Sinnott  (23),  a  philosophical  biologist  and  geneticist,  has 
courageously  discussed  the  whole  subject  of  directiveness  or 
goal-directed  behavior  in  a  book  called  "Matter,  Mind  and 
Man”  and  gives  good  evidence  that  man  may  have  more  than 
a  modicum  of  free  will.  To  Sinnott  the  essential  fact  of 
biology  is  organization.  He  might  be  called  an  "integration- 
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ist”  as  opposed  to  vitalists  and  mechanists.  He  looks  on  the 
organism  as  a  self -regulated,  integrated  system  and  gives 
many  convincing  examples  from  the  world  of  plants  and  ani¬ 
mals  that  show  a  biological  purpose  in  physiological  and 
embryological  processes.  These  organisms  seem  to  display 
an  ingenious  self -regulation  to  attain  a  goal;  this  is  a  sort  of 
biological  purpose  that  might  be  considered  as  rudimentary 
mental  activity,  which  I  have  equated  with  the  neural  integra¬ 
tion  itself  (see  p.  116  and  p.  303).  Sinnott  summarizes  the 
problem  beautifully  by  saying:  “Just  what  life  and  mind 
actually  are  will  have  to  wait  until  we  finally  discover  what 
biological  self-regulation  is.  The  great  advantage  of  the  con¬ 
cept  here  presented  is  that  it  brings  these  two  spheres  of  mind 
and  matter  together  into  one,  thus  satisfying  our  desire  for 
a  monistic  philosophy.” 

In  short,  I  believe  that  volition  is  made  possible  by  choice. 
The  organism,  by  means  of  the  brain,  makes  innumerable 
choices  every  hour.  The  confirming  reaction  acts  as  a  kind  of 
reward.  Thus  one  educates  himself  and  is  to  some  extent 
responsible  for  the  result  because  of  past  choices.  Even  the 
lowly  amoeba  has  to  make  choices,  but  it  is  only  the  higher 
animals,  in  which  encephalization  has  taken  place,  that  develop 
mechanisms  for  conditioning  reflexes,  storing  memories,  and 
making  abstractions.  Then  only  does  volition  become  an  im¬ 
portant  problem,  with  all  its  philosophical  implications. 

The  old  belief  of  mechanistically  minded  scientists  that  pur¬ 
poseful  teleological  behavior  is  a  mere  rationalization  and  can 
have  no  causal  significance,  has  been  thoroughly  controverted 
by  modern  electronics.  Teleology  and  mechanism  can  no 
longer  be  looked  upon  as  incompatible.  Negative  feed-back 
systems  in  servomechanisms  are  common  mechanical  examples 
of  the  fact  that  goal  seeking  and  purposeful  behavior  can  be 
built  into  a  machine.  The  torpedo  which  follows  the  sound  of 
a  ship’s  propeller  is  an  example.  In  the  human  body  there  are 
innumerable  examples  of  physiological  mechanisms  working 
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purposively  (16).  Teleological  thinking  is  no  longer  “un¬ 
scientific.” 

REASON 

The  step  from  learning  to  reasoning  is  a  subtle  but  impor¬ 
tant  transition  both  developmentally  and  phylogenetically. 
It  is  probable  that  only  man  and  a  few  animals  effectively  use 
symbols  and  through  them  achieve  reason.  In  man  the  sim¬ 
plest  types  of  reasoning  are  not  possible  until  the  brain  has 
matured  to  the  stage  usually  reached  at  five  years.  Cause 
and  effect  are  not  differentiated  until  eight,  while  syllogisms 
are  not  understood  by  a  child  until  he  is  eleven.  Obviously 
normal  maturation  of  the  brain  is  essential  to  the  process  of 
reasoning  and  the  brains  of  most  subhuman  animals  never 
develop  to  a  complexity  where  reasoning  is  possible.  These 
statements  are  based  on  the  work  of  psychologists  who  define 
reason  as  deduction,  the  process  of  deriving  conclusions  from 
original  premises  by  logical  processes.  Certain  principles  are 
involved  in  the  process  of  deductive  reasoning.  In  the  first 
place  a  proposition  and  its  opposite  cannot  be  true  at  the  same 
time.  Secondly  in  order  to  reason  a  child  must  have  achieved 
the  ability  to  discriminate  between  reality  and  fantasy.  More¬ 
over  he  must  have  enough  grasp  of  reality  to  accept  the  prin¬ 
ciple  of  identity,  that  people  and  objects  maintain  their  integ¬ 
rity.  Even  more  obvious  is  the  generic  principle:  things  can 
be  divided  into  classes;  this  is  the  beginning  of  generalization. 
Finally  symbols  must  be  used ;  they  are  mental  short  cuts  that 
save  laborious  repetitions  of  real  manipulations,  the  outcome  of 
which  are  known  by  experience.  Koehler’s  ape,  who  piled  up 
three  boxes  and  then  used  a  stick  from  the  top  of  the  pile  to 
reach  a  banana,  did  not  have  to  really  go  through  his  old  experi¬ 
ences  with  boxes  and  sticks;  he  “thought  it  over,”  that  is,  he 
brought  up  images  and  used  them  to  plan  his  new  attack. 
Some  of  the  more  highly  developed  birds  (canaries,  tits,  ravens 
and  parrots)  seem  to  be  able  to  perform  acts  that  invoke  con¬ 
ceptualization,  generalization  and  perhaps  even  symbolization 
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(17).  At  least  the  old  idea  that  man  alone  has  “reason”  is  fast 
disappearing,  but  there  is  no  doubt  that  man  is  vastly  superior. 

INTUITION 

Reasoning  in  adults  becomes  an  extremely  rapid  and  com¬ 
plex  process,  conclusions  being  deduced  from  many  and  varied 
observations  during  an  interview.  The  thing  becomes  so 
complex  that  most  people  cannot  give  a  logical  account  of  their 
total  reasoning  after  reaching  a  decision.  Persons  vary  greatly 
in  their  methods  of  thinking.  We  speak  of  “plodding,”  “me¬ 
thodical,”  “incisive”  and  “intuitive”  minds.  In  the  former  the 
observations,  on  which  the  deductions  are  based,  are  made 
slowly  and  largely  remembered.  In  the  latter  the  observations 
and  thought  processes  are  forgotten  and  the  result  is  considered 
an  intuition.  The  remarkable  thing  is  not  the  intuitive  ap¬ 
proach,  which  so  often  arouses  wonder  in  the  observer,  but  the 
fact  that  a  large  part  of  reasoning  is  “unconscious”  in  the  sense 
that  it  is  so  complex  and  fast  that  we  cannot  remember  it. 
There  is  even  psychological  evidence  to  show  that  one  can  make 
judgments  on  observations  which  are  individually  so  small  that 
they  do  not  reach  the  level  of  conscious  awareness,  but  which 
in  aggregate  give  an  important  “impression.”  Such  are  the 
manifold  facial  movements  and  postural  acts  observed  by  one 
on  meeting  a  stranger.  One  could  not  possibly  recount  all 
the  observations  made  nor  bring  up  all  the  past  experience 
that  led  to  the  deductions,  but  the  old  saying  that  “first  im¬ 
pressions  are  often  best”  has  been  proved  right  so  often  that  it 
can  be  considered  true  at  least  for  “intuitive”  persons.  In  fact 
intuition  can  best  be  defined  as  reasoning  from  premises  and  by 
processes  that  are  forgotten.  It  is  an  extreme  example  of  what 
goes  on  in  most  reasoning. 

To  put  this  into  Jungian  terms  (18)  intuition  may  be  defined 
as  perception  by  processes  that  are  forgotten.  Valuing  may  be 
defined  as  reasoning  from  perceptions,  from  premises  and  by 
processes  that  are  forgotten.  The  opposites  of  these  are  sen¬ 
sation ,  which  may  be  defined  as  perception  by  processes  largely 
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remembered,  and  thinking,  defined  as  reason  from  premises  and 
by  processes  largely  remembered. 

THE  EMOTIONS1 

From  the  psychological  point  of  view,  emotions  may  be 
looked  upon  as  having  three  main  parts.  First,  there  is  the 
private  feeling,  the  affect  that  is  felt  by  each  of  us,  but  that 
must  be  interpreted  into  words  if  it  is  to  be  understood  by  any¬ 
one  else.  Second,  there  is  the  complex  set  of  physiological 
changes  set  up  in  nerves,  viscera,  glands  and  muscles.  These 
make  the  characteristic  stirred-up  internal  state.  Finally, 
there  are  the  patterns  of  behavior  which  overtly  express  the 
stirred-up  internal  state. 

In  Chapter  II  there  is  a  description  of  the  anatomy  and  the 
physiology  of  the  nervous  structures  which  subserve  emotional 
reactions.  In  the  autonomic  system  these  reactions  are  re¬ 
stricted  in  scope.  It  seems  that  it  can  only  react  and  express 
itself  in  rather  simple  fashion.  There  is  no  refinement  in  the 
emotional  expressions  of  the  viscera.  Rage,  fear  and  hate  seem 
to  be  expressed  in  much  the  same  way.  The  expressions  are 
simple  and  fundamental  and  therefore  cannot  be  accurately 
assigned  to  the  various  types  of  emotion  that  are  so  readily 
recognizable  in  man. 

It  is  common  experience  that  one  is  able  to  recognize  an  ex¬ 
pression  of  emotion  and  know  what  it  means  with  great  accu¬ 
racy,  both  in  the  human  being  and  in  most  animals.  But  if 
one  tries  to  make  an  observer  tell  exactly  why  he  labels  a  cer¬ 
tain  expression  with  a  certain  name,  for  example  “terror,”  one 
finds  that  even  trained  observers  have  great  difficulty  in  ex¬ 
plaining  their  reasons  for  their  diagnosis.  This  may  well  arise 
from  the  fact  that  we  all  become  experienced  in  interpreting 
emotional  expression  at  a  very  early  age.  As  soon  as  we  open 
our  infant  eyes,  we  fasten  them  on  our  mother’s  face  and  begin 

1  The  following  paragraphs  are  largely  taken  from  “Emotions  and  Clinical 
Medicine,”  a  book  published  by  W.  W.  Norton  &  Co.,  New  York,  who  have 
kindly  given  permission  for  the  quotations.  A  full  discussion  and  a  large 
bibliography  are  given  in  that  text  (19). 
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reading  her  expressions  with  great  interest,  because  at  that 
stage  our  whole  life  may  depend  upon  her.  Later  in  life,  we 
interpret  emotional  expression  very  accurately  by  intuition 
(making  use  of  a  great  experience  by  short-cut  methods  that 
are  not  conscious).  Thus  we  intuitively  interpret  with  accu¬ 
racy  a  great  deal  of  human  expression  that  we  cannot  describe 
objectively.  Each  one  of  us  is  too  burdened  with  the  experi¬ 
ence  of  a  lifetime  in  the  interpretation  of  emotional  expression 
to  be  an  objective  adult  observer.  One  feels  and,  by  experi¬ 
ence,  interprets  what  emotional  expressions  mean,  but  cannot 
describe  what  is  seen  and  heard.  So  one  must  admit  that  it  is 
difficult  to  make  a  clinical  description  that  will  meet  any  gen¬ 
eral  concensus.  Nevertheless  there  are  some  simple  headings 
and  descriptions  that  would  probably  meet  with  general  ac¬ 
ceptance  : 

Rage  is  a  well-differentiated  emotion  with  an  impulse  to  at¬ 
tack  and  a  set  of  reflex  patterns  that  promote  the  likelihood  of 
winning  the  fight.  The  reflex  pattern  is  typified  in  sham  rage. 
There  is  good  evidence  for  believing  that  rage  is  one  of  the  most 
primitive  and  most  differentiated  of  emotions.  The  neural 
patterns  for  expression  of  rage  are  laid  down  very  early  in  the 
development  of  the  vertebrate  and  are  well  organized  in  the 
lowest  mammals. 

Fear  is  accompanied  by  an  impulse  to  flight.  It  is  an  un¬ 
pleasant  experience.  The  reflex  patterns  are  less  clear — but 
pallor,  dry  mouth  and  tremor  are  almost  universal. 

Love  goes  with  an  impulse  to  draw  near  to  the  object  of  affec¬ 
tion.  The  autonomic  pattern  is  that  of  flushing,  warmth  and 
salivation.  Motor  behavior  is  languid. 

Companionship  is  a  feeling  of  belonging,  being  together  and 
security.  It  is  accompanied  by  a  strong  impulse  to  approach 
and  mingle  with  one’s  kind.  It  is  an  emotion  known  to  be  very 
strong  among  certain  animals,  those  that  go  in  herds  and  flocks. 
It  is  the  best  example  of  an  emotion  corresponding  to  an  in¬ 
stinct. 
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Loneliness  is  a  powerful  emotion  that  leads  to  much  psy¬ 
chiatric  difficulty.  It  arises  when  a  strong  impulse  to  socialize 
and  join  companions  is  frustrated.  The  behavior  is  sad,  rest¬ 
less  and  often  overactive.  Autonomic  responses  are  somewhat 
similar  to  fear. 

Sorrow  leads  to  immobility,  slow  physiological  processes  and 
lack  of  feeling.  It  is  characterized  by  lack  of  impulse.  Ac¬ 
tivity  is  depressed. 

Excitement  is  the  least  differentiated.  There  is  no  specific 
impulse  to  a  certain  kind  of  action.  There  is  great  alertness, 
action  may  take  any  direction  according  to  environment. 
Muscular  tension  and  increased  heart  rate  and  respiration  are 
part  of  the  picture. 

One  might  go  on  enumerating  and  trying  to  describe  many 
other  well  recognized  emotions.  But  it  would  lead  nowhere. 
It  is  a  complicated  subject  that  needs  more  investigation  before 
generalizations  and  conclusions  will  be  worth  much.  Never¬ 
theless,  there  is  some  possibility  of  classifying  emotional  ex¬ 
pression  on  a  physiological  basis  relative  to  autonomic  phe¬ 
nomena.  The  extremes  show  differences,  and  in  comparing 
rage  with  love,  for  example,  some  of  the  contrasts  are  obvious : 


Rage 

Tense  body  movements 
Harsh  voice 

Vasoconstriction  or  vasodilation 

Wide  pupils 

Intestinal  contraction 

Rapid  respiration 

Rapid  heart  beat 

Inhibition  of  sex  reflexes 

Contraction  of  bladder 

Lachrymation 

Dry  mouth 

Sweating 

Blood  sugar  increase 


Love 

Relaxed  muscles 

Soft  voice 

Vasodilation 

Wide  pupils 

G-I  relaxation 

Rapid  respiration 

Rapid  heart  beat 

Special  sex  gland  secretions 

None 

Moist  conjunctiva 
Salivation 

Warmth  without  excessive  sweating 
Sugar  increase 


What  this  tabulation  does  not  show  is  that  the  set  and  ex¬ 
pression  of  the  skeletal,  especially  facial  muscles,  is  very  char- 
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acteristic  but  indescribable.  A  few  autonomic  symptoms  con¬ 
trast  strikingly.  There  are  many  similarities,  which  are  best 
explained  by  saying  that  these  things  are  common  to  all  states 
of  excitement.  The  tabulation  given  is  also  too  arbitrary;  it 
does  not  take  into  account  degree  of  excitement,  duration  and 
timing.  The  description  of  “love”  is  that  of  a  mild  state  of 
affection,  not  heterosexual  passion.  A  description  of  a  sexual 
orgasm  would  be  quite  different. 

A  book  published  by  the  Army  Medical  Graduate  School, 
entitled  “Symposium  on  Stress,”  (20)  brings  out  some  new  and 
important  points  of  view.  Cannon  believed  that  such  strong 
emotions  as  rage  and  fear  could  not  be  distinguished  from  each 
other  by  physiological  means;  the  preparation  for  fight  or 
flight  had  similar  reactions  in  the  neuroendocrine  system. 
This  can  no  longer  be  considered  true.  There  is  good  evidence 
now  from  von  Euler  (20)  and  Redgate  and  Gellhorn  (21)  that 
epinephrine  and  arterenol2  can  be  secreted  selectively  and  inde¬ 
pendently  by  the  adrenal  medulla.  In  fact,  von  Euler’s  most 
recent  work  indicates  that  stimulation  of  a  dorsal  area  in  the 
hypothalamus  causes  an  excess  of  epinephrine  to  be  excreted, 
while  stimulation  of  an  area  slightly  more  ventral  brings  out  an 
excessive  amount  of  arterenol.  The  great  importance  of  this 
discovery  to  psychiatry  is  seen  when  the  observations  of 
Funkenstein  (20)  on  human  subjects  are  considered:  he  showed 
that  students  subjected  to  psychological  stress  either  reacted 
with  overt  rage  (“anger  out”)  or  depression  (“anger  in”)  or 
anxiety.  Those  in  the  “anger  out”  group  showed  physiological 
reactions  indicating  a  secretion  of  arterenol,  while  those  in  the 
“anger  in”  and  anxiety  groups  showed  the  reactions  charac¬ 
teristic  of  epinephrine  secretion.  There  is  confirmation  of  this 
in  studies  of  different  animal  groups.  The  carnivorous  hunters, 
like  the  lion,  show  a  great  excess  of  arterenol  in  the  adrenal 
secretion,  while  timid  animals  that  gain  safety  by  flight,  like 

2  Epinephrine  and  arterenol  are  also  known  as  “adrenalin”  and  “nor- 
adrenalin,”  respectively. 
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rabbits  and  antelopes,  secrete  much  more  epinephrine.  Social 
animals,  for  example  monkeys,  are  on  the  epinephrine  side. 
Man  is  apparently  a  combination  and  is  not  bound  to  one  reac¬ 
tion.  The  human  fetus  secretes  mostly  arterenol  and  only 
later  produces  epinephrine.  Perhaps  “anger  out”  with  its  ac¬ 
companying  arterenol  is  to  be  looked  on  as  the  more  primitive 
reaction. 

Another  description  of  these  eight  headings  could  be  made  in 
terms  of  dynamic  psychology.  The  individual  history  and 
interpersonal  relations  of  each  person  showing  the  reactions 
could  be  studied.  Clinical  psychoanalysis  seems  to  show  that 
panic  states  commonly  occur  in  patients  who  fundamentally 
fear  castration  or  homosexuality.  Melancholia  often  is  related 
to  deep  feelings  of  guilt.  Grief  reactions  are  the  normal  result 
of  loneliness  but  are  often  colored  and  intensified  by  guilt.  Per¬ 
versions  of  love  arise  often  in  patients  who  have  had  difficult 
adjustments  to  make  with  their  parents,  a  tough  mother  and  a 
fond  father,  or  too  much  fixation  on  the  mother,  with  guilty 
fear  of  the  father.  Agoraphobia,  the  fear  of  open  spaces,  may 
be  traced  to  fear  of  being  alone,  fear  of  going  crazy  if  alone,  a 
modification  of  the  panic  state,  perhaps  on  a  similar  basis. 
The  manic  reactions  are  less  well  understood.  Some  psycho¬ 
analysts  look  on  them  as  denial  or  escape  reactions.  By  keep¬ 
ing  his  mind  everlastingly  busy  the  patient  avoids  contemplat¬ 
ing  things  in  himself  that  he  cannot  bear. 

The  moral  of  all  this  is,  of  course,  that  no  person  with  only 
one  point  of  view  can  explain  the  whole  phenomenon  of  emo¬ 
tion.  The  psychoanalyst  with  his  “depth  psychology”  does 
well  if  he  can  go  back  forty  or  fifty  years  in  a  patient’s  life  and 
explain  a  symptom  on  the  basis  of  emotional  fixation  in  in¬ 
fancy.  To  the  anatomist,  fifty  years  is  nothing.  Phylogeny 
indicates  to  him  that  oral  patterns  of  behavior  are  embedded 
in  the  structure  of  the  rhinencephalon  and  the  automatic  reac¬ 
tions  resulting  therefrom  probably  go  back  fifty  million  years. 
The  physiologist  sees  the  nervous  and  endocrine  reactions, 
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studies  their  relation  to  anatomy  and  realizes  that  they  mean 
little  to  psychology  and  medicine  unless  he  can  tell  what  stimu¬ 
lus  sets  them  off.  This  brings  us  back  to  the  psychologist  and 
psychiatrist  whose  job  it  is  to  study  these  precipitating  causes, 
and  to  the  psychoanalyst  whose  particular  field  is  interpersonal 
relations. 

In  taking  up  the  clinical  side  of  the  problem  of  human  emo¬ 
tions  one  must  not  forget  that  emotions  are  normal  and  impor¬ 
tant.  Culture  and  education  have  often  caused  pedants  and 
puritans  to  decry  emotional  reactions  as  weakness,  lack  of  con¬ 
trol,  childishness  and  femininity.  But  without  expressed  emo¬ 
tions  a  man  is  a  sorry  spectacle.  The  use  of  emotions  to  gain 
our  ends  is  so  universal  and  so  automatic  that  it  is  usually  over¬ 
looked.  In  short,  emotions  are  always  with  us.  They  are 
necessary  for  effective  action.  Their  role  is  usually  under¬ 
estimated,  perhaps  because  they  are  so  ubiquitous  that  they 
are  taken  for  granted.  Moreover,  in  our  culture,  logical  and 
rational  actions  are  esteemed  highly  and  mistakenly  thought 
to  be  common  phenomena. 

FANTASIES  AND  DREAMS 

Many  psychologists  have  had  little  interest  in  fantasies  and 
dreams  until  recent  years  because  the  phenomena  smacked  of 
charlatanism  and  crystal  gazing.  Looking  at  an  ink-blot  and 
telling  the  doctor  what  you  see  does  not  seem  so  far  removed 
from  interpreting  tea-leaves  or  gazing  into  a  crystal  ball.  In 
fact  any  of  these,  if  done  simply,  would  give  the  desired  result, 
for  the  patient  would  reveal  his  own  fantasies  as  elicited  by  a 
relatively  neutral  stimulus.  Thus  the  Rorschach  test,  where 
the  subject  is  asked  to  describe  successively  what  he  sees  in  ten 
standard  ink-blots,  has  now  been  tried  out  on  thousands  of 
normal  and  abnormal  subjects,  so  the  results  are  useful  in 
recognizing  personality  traits  and  psychotic  reactions. 

The  thoughts  that  run  through  one’s  head  when  not  attend¬ 
ing  to  any  absorbing  task  are  quite  surprising  and  revealing. 
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One  usually  suppresses  and  forgets  them,  but  if  recorded,  as  in 
James  Joyce’s  “Ulysses,”  they  may  be  useful  diagnostically. 
In  such  productions  one  can  find  the  trends  that  are  going  on 
irrationally  and  illogically  just  beneath  the  surface  of  attention. 
The  Freudian  technique  of  lying  relaxed  and  speaking  out  these 
“free  associations”  is  one  way  of  getting  at  this  material. 
“Projection”  tests  like  the  Rorschach  and  Thematic  Appercep¬ 
tion  Test  (22)  also  get  the  patient  to  reveal  the  sort  of  leading 
themes  that  keep  “running  in  his  mind.”  These  are  important 
because  they  may  have  more  to  do  with  his  actions  than  the 
careful  rationalization  he  will  give  if  asked  directly. 

Day-dreams  are  only  an  organized  example  of  this  flow  of 
idle  fantasy  that  goes  on  in  many  persons  almost  constantly. 
When  they  can  be  recorded  they  give  important  information  as 
to  the  subject’s  personality  traits  and  goals.  Dreams  at  night 
are  often  told  glibly,  the  subject  does  not  seem  to  feel  that  he 
is  responsible  for  them,  but  they  are  of  course  as  much  a  part 
of  his  psychological  productions  as  his  most  carefully  wrought 
work,  and  much  more  personal.  By  listening  to  a  series  of 
dreams  one  can  often  pick  up  a  lead  as  to  the  subject’s  special 
anxieties  or  strong  drives. 

Psychoanalysis  and  the  study  of  the  learning  process  should 
be  two  closely  allied  fields  in  psychology.  That  they  are  not 
is  largely  due  to  prejudice.  Both  study  the  development  of  the 
personality  from  infancy,  the  connections  between  situation 
and  response,  the  conditionings  and  the  repetitive  behavior  pat¬ 
terns.  The  psychoanalysts  work  largely  from  the  adult  back 
to  childhood  bringing  up  stores  of  memories,  using  the  clinical 
approach  on  a  few  intensively  studied  cases.  The  pedagogical 
psychologist  commonly  uses  batteries  of  tests  on  large  groups 
of  subjects  of  different  ages.  For  both  the  ultimate  aim  is  to 
describe  the  genesis  of  a  personality:  the  primary  endowment 
and  the  inborn  reactions  (instincts)  acted  upon,  modified  and 
conditioned  by  environment  (experience)  developed  along  cer¬ 
tain  lines  by  rewards  and  confirmed  by  satisfaction  reactions — 
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this  is  the  briefest  sort  of  statement  of  what  probably  goes  on 
when  a  “personality”  is  developing. 
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Chapter  XIV 

SOME  PSYCHOPATHOLOGICAL  REACTIONS 


There  can  be  no  distinct  line  between  normal  and  abnormal 
psychology.  Normal  behavior  for  one  culture  is  not  the  same 
as  for  another.  Psychopathology,  therefore,  is  a  somewhat  un¬ 
defined  area  in  medicine,  yet  a  most  important  one  because  of 
its  social  implications.  To  discuss  this  area  adequately  one 
would  need  to  write  a  massive  textbook.  In  this  context  it 
is  only  useful  to  emphasize  a  few  important  points  and  give 
the  briefest  possible  review  of  the  principal  types  of  pathologi¬ 
cal  behavior  likely  to  be  seen  by  the  average  physician. 

There  has  been  a  recent  trend  in  psychiatry  away  from  classi¬ 
fications  and  exact  diagnosis.  This  had  the  advantage  of 
focusing  the  attention  of  the  doctor  upon  the  social  background 
of  their  patients,  their  intimate  history  and  the  development 
of  the  illness.  It  has  had  the  disadvantage  of  making  some 
psychiatrists  relax  their  clinical  acumen  to  rely  for  diagnosis 
on  social  workers  and  long,  sometimes  inaccurate  agency  re¬ 
ports.  Moreover,  diagnosis  becomes  vague,  for  no  matter  how 
smartly  and  graphically  a  psychiatrist  may  sum  up  the  “total 
situation”  in  a  paragraph,  it  neither  approaches  totality  nor  is 
it  a  diagnosis. 

Aberrant  human  behavior  does  seem  to  fall  into  certain  types 
of  reaction  which  can  be  called  “symptom  complexes,”  “syn¬ 
dromes,”  “disorders,”  or  “diseases.”  Meyer’s  (1)  classifica¬ 
tion  is  excellent.  The  different  disorders  of  personality  are 
described  as  “reaction  types.”  The  reaction  seen  by  the  psy¬ 
chiatrist  at  the  time  of  examination  is  the  result  of  the  environ¬ 
mental  press  upon  that  particular  individual  as  he  is  consti¬ 
tuted  by  inheritance  and  the  current  events  of  his  life  up  to 
that  moment. 
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For  example  one  such  event  (in  this  case  in  the  patient’s 
internal  environment)  might  be  the  occurrence  of  a  cerebral 
thrombosis  at  age  65  causing  partial  aphasia.  The  symptoms 
of  this  aphasia  would  differ  greatly  from  person  to  person,  de¬ 
pending,  for  example,  on  how  large  a  vocabulary  he  had  before 
it  was  impaired,  what  language  or  languages  he  had  spoken, 
and  whether  or  not  he  was  skilled  with  his  hands  and  knew 
how  to  write  and  read.  Brains  in  different  human  beings  are 
not  alike ;  their  individual  history  since  birth  has  changed  them 
so  that  they  react  differently  to  the  same  insults,  whether  trau¬ 
matic,  neoplastic,  degenerative,  inflammatory,  circulatory  or 
emotional. 

One  might  say  that  the  possible  variables  are  infinite  in 
number  and  combination,  so  that  each  patient  must  be  de¬ 
scribed  as  an  individual.  The  interesting  fact  is  that  this  is 
not  so:  reactions  roughly  fall  into  a  rather  small  number  of 
types  which  can  be  described  and  given  names,  i.e.,  diagnoses. 
Why  this  is  true  is  little  known  at  present;  the  fact  that  it  is 
true  is  an  important  lead  for  psychiatric  and  psychological 
investigation. 


MULTIPLE  CAUSATION 

The  main  types  of  abnormal  human  behavior  known  to 
psychiatrists  can  be  roughly  grouped  according  to  etiology 
under  four  main  headings:  hereditary,  neuropathological, 
chemical  and  psychopathological.  More  dynamically  one 
could  speak  of  these  as  genogenic,  histogenic,  chemogenic  and 
psychogenic  disorders.  Of  course  there  are  no  “pure”  cases 
of  any  one  etiology  and  many  cases  have  factors  of  all  four. 
Just  because  of  this  the  concept  is  useful  if  the  terms  are  clearly 
defined.  The  point  that  needs  emphasis  is  that,  especially  in 
psychiatry,  causes  are  multiple.  To  be  satisfied  with  two 
classes  “organic”  and  “functional”  shows  a  lack  of  knowledge 
of  modern  physiology.  To  arbitrarily  choose  four  classes  as 
is  done  here,  is  a  little  better,  but  far  from  ideal.  Shea  (2)  in 
his  excellent  discussion  of  “The  Human  Body  and  the  Human 
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Being”  considers  psychodynamic  factors  important  in  the  de¬ 
termination  of  human  behavior,  as  well  as  hereditary,  bio¬ 
chemical  and  morphological  factors.  Before  we  can  decently 
classify  psychiatric  diseases  we  must  have  more  facts  about  the 
development  and  disintegration  of  personality.  No  matter  by 
what  name  it  may  be  known — personality,  character,  ego,  he  or 
she — it  is  the  unique  combination  of  traits  in  each  individual 
that  makes  a  recognizable  person. 

Genogenic  disorders  of  personality  are  those  that  are  known 
to  have  their  source  largely  in  heredity.  The  abnormal  genes 
may  or  may  not  cause  recognizable  lesions  or  malformations 
of  the  nervous  system.  For  example  the  manic-depressive  dis¬ 
order  is  knowm  to  be  inherited,  but  no  lesion  is  recognized. 
Huntington’s  chorea,  on  the  other  hand,  is  strongly  inherited 
and  has  well  recognized  lesions. 

Histogenic  disorders  of  the  personality  are  those  that  are 
largely  due  to  non-hereditary  lesions  of  the  nervous  system, 
i.e.,  to  inflammation,  degeneration,  asphyxia,  toxin,  trauma  or 
tumor.  A  lesion  is  defined  as  an  abnormality  of  tissue  either 
microscopically  or  grossly  visible.  Lesions  may  occur  during 
intra-uterine  development.  These  are  congenital  but  not 
hereditary. 

Chemogenic  disorders  of  personality  come  from  the  effects  of 
abnormal  chemical  agents,  or  the  lack  of  normal  ones.  This 
group  is,  however,  defined  arbitrarily  to  omit  cases  where 
chemical  substances  lead  to  visible  lesions  on  the  one  hand,  and 
cases  where  emotional  stress  is  obviously  the  immediate  cause 
of  chemical  change  in  the  body,  on  the  other  hand.  The  group 
could  well  be  subdivided  into  exogenous  and  metabolic.  For 
example,  tetany  due  to  parathyroid  deficiency  is  endogenous, 
while  tetany  due  to  anxiety  and  hyperventilation  is  exogenous 
and  psychogenic.  In  both  the  mechanism  is  chemical. 

Psychogenic  disorders  of  personality  are  those  that  seem  to 
arise  largely  because  of  disturbed  interpersonal  relations,  social 
maladjustments  and  the  like. 

The  best  way  to  express  what  one  knows  of  etiology  in  a 
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given  case  is  to  enumerate  the  several  headings,  and  under  each 
evaluate  as  well  as  one  can  the  facts  of  the  case  (see  Table  4). 
For  example  an  old  man,  whose  father  had  depressions,  lost 
his  wife,  lived  alone,  ate  little  and  began  to  drink.  He  de¬ 
veloped  pellagra  and  a  psychosis.  The  etiology  of  this  case 
could  be  schematized  as:  genogenic  +,  histogenic  +,  chemo- 
genic  ++  and  psychogenic  +.  To  simply  call  it  an  “organic 
psychosis”  seems  to  me  inadequate  and  inaccurate. 

The  patients  seen  by  psychiatrists  usually  are  troubled  by 
disorders  of  behavior.  In  trying  to  understand  the  causes,  one 
must  try  to  describe  the  abnormal  process,  step  by  step.  Being 
behavioral,  these  disorders  are  reactions  to  stimuli ;  so  one  must 
trace,  if  possible,  the  path  of  the  stimulus  from  reception  by  a 
sense  organ,  along  neurones  to  the  brain,  and,  after  integration, 
the  path  out  to  the  muscle  or  gland  that  produces  the  change  in 
behavior.  Moreover,  sequence  in  time  is  important.  The 
stimulus-response  reaction  may  occur  in  seconds,  or  it  may  be 
modified  by  stimuli  that  arrived  in  the  brain  years  before  and 
have  been  stored  as  memories.  Even  inherited  patterns  may 
modify  the  response.  The  extent  to  which  the  response  is 
visceral  or  hormonal  will  vary  with  the  degree  to  which  the 
hypothalamus  and  autonomic  nervous  system  are  involved. 
Thus  it  is  seen  that  the  reaction  moves  through  various  phases 
and  may  be  affected  in  turn  by  genogenic,  histogenic,  chemo- 
genic  and  psychogenic  factors.  These  four  are  by  no  means  the 
only  causal  factors;  they  are  not  at  all  mutually  exclusive;  they 
are  merely  four  common  sorts  of  factors  used  as  useful  cate¬ 
gories  to  emphasize  that  etiology  is  multiple  (see  Table  4). 

It  is  of  interest  that  histogenic  disorders  seem  usually  to 
cause  a  loss  of  function,  except  in  the  brief  episodes  where  there 
is  direct  irritation  of  neurons.  Psychogenic  disorders,  on  the 
other  hand,  are  most  commonly  expressed  somatically  by  in¬ 
creased  functions  in  the  autonomic  nervous  system  and  en¬ 
docrine  glands.  It  is  as  if  the  reaction  of  one  person  upon 
another,  if  one  is  poorly  adjusted,  caused  increased  irritability, 
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TABLE  4 

Main  Types  of  Psychiatric  Reactions 


ETIOLOGY 


REACTION 

GENO¬ 

GENIC 

HISTO¬ 

GENIC 

CHEMO¬ 

GENIC 

PSYCHO¬ 

GENIC 

Nervousness . 

? 

0 

? 

++ 

Mild  psychosomatic  reactions . 

+? 

0 

+  ? 

++ 

Anxiety  attacks . 

? 

0 

? 

++ 

Phobic  reactions . 

0 

0 

0 

++ 

Substitutive  reactions  (Hysteria) . 

? 

0 

0 

++ 

Personality  perversions  (“Psychopath”) . 

+? 

+? 

0 

++ 

Depressive  reactions . 

0 

0 

? 

++ 

Obsessive-compulsive  reactions . 

0 

0 

0 

++ 

Hypochondriasis . 

? 

0 

0 

++ 

Severe  psychosomatic  reactions . 

+ 

?+ 

+? 

++ 

Schizo-affective  reactions 

Schizophrenia . 

+ 

? 

+? 

+  ? 

Manic-depressive . 

++ 

? 

+? 

? 

Involutional  melancholia . 

+ 

? 

+? 

? 

Paranoia . 

+? 

0 

? 

+? 

Direct  cerebral  poisons  (Alcohol,  etc.) . 

0 

0 

++ 

0 

Delirium . 

0 

+? 

++ 

0 

Reactions  due  to  focal  cerebral  lesion . 

0 

++ 

? 

0 

Encephalitis . 

0 

++ 

? 

0 

Paresis . 

0 

++ 

? 

0 

Cerebral  degenerative  disease  (Schilders,  etc.)  — 

?+ 

++ 

+? 

0 

Senile  dementia . 

+? 

++ 

? 

0 

Amentia . 

+ 

+ 

+? 

0 

Reactions  due  to  endocrine  disorder  (ACTH,  etc.).. 

? 

? 

++ 

0 

Epilepsy . 

+ 

+ 

? 

0 

A  list  of  the  principal  diagnostic  groups  in  psychiatry,  named  on  the  basis 
of  clinical  description.  These  are  coordinated  with  possible  etiological  classi¬ 
fications,  under  the  headings  genogenic,  histogenic,  chemogenic,  and  psycho¬ 
genic.  The  complex  causation  of  psychiatric  reaction,  and  the  extent  of  our 
present  ignorance  of  etiology,  are  evident. 


i.e.,  lowering  of  sensory  threshold,  so  the  maladjusted  person 
becomes  the  target  of  innumerable  stimuli  which  begin  by  dis¬ 
turbing  his  autonomic  equilibrium.  They  “hit  him  in  the 
guts”  or  “break  his  heart”  or  “make  him  swreat.”  The  cerebro- 
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spinal  and  striated  muscular  systems  are  also  affected  and  in 
some  cases  more  highly  integrated  psychological  reactions  ap¬ 
pear.  For  example,  you  hear  folks  say,  “I  got  the  jitters,” 
“I  was  paralyzed  with  fear,”  “I  was  struck  dumb”  or  “My 
thoughts  ran  away  with  me.” 

Psychogenic  symptoms  are  usually  related  to  special  experi¬ 
ences,  early  training,  and  family  relationships.  All  normal 
children  go  through  phases  of  antisocial  behavior.  They  have 
to  learn  that  instinctive  reactions  are  not  acceptable.  In  fact, 
as  Freud  (3)  says,  the  function  of  education  is  “to  inhibit,  for¬ 
bid,  and  suppress,”  so  adult  behavior  is  often  motivated  by 
forgotten  events  and  early  repressions.  Only  the  exaggerations 
strike  the  world  as  abnormal :  unexplained  terrors,  time-wasting 
rituals,  outbursts  of  anger,  escape  reactions  utilizing  many 
bodily  symptoms  of  illness.  The  line  between  normal  and  ab¬ 
normal  is  difficult  to  draw  and  varies  through  the  years  as 
social  customs  change,  but  these  deviations  from  average  be¬ 
havior  cause  a  great  amount  of  unhappiness,  and  account  for 
many  of  the  patients  who  come  to  the  physician’s  office  and 
to  the  out-patient  departments.  To  uncover  repressions  that 
cause  compulsive  behavior  and  replace  such  behavior  with  acts 
of  judgment  is  a  large  part  of  psychotherapy.  Showing  this 
to  the  medical  profession  has  been  Freud’s  great  contribution. 

Conservative  observers  state  that  in  hospital  out-patient 
departments  and  in  private  practice  at  least  one-half  of  the 
chronic  patients  have  psychogenic  symptoms.  Although  for 
a  hundred  years  it  has  been  accepted  as  a  dogma  that  lesions 
cause  disordered  function  and  hence  symptoms,  one  can  now 
emphasize  the  opposite  point  of  view,  that  the  lesions  observed 
may  often  be  the  result  of  disordered  function.  For  example, 
the  Association  for  Research  in  Nervous  and  Mental  Disease 
took  for  the  topic  of  their  annual  meeting  in  1949:  “Life  Stress 
and  Bodily  Disease.”  In  their  research  publication  (4)  Selye, 
Wolff  and  others  discuss  many  cases  of  medical  disease  with 
lesions,  where  the  evidence  is  good  that  stress  caused  abnormal 
function,  and  that  continued  malfunction  caused  lesions.  This 
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gives  the  clinical  basis  for  “psychosomatic  medicine.”  The 
mechanisms  are  discussed  in  Chapter  II  and  under  Emotions 
in  Chapter  XIII. 


CLASSIFICATION 

The  division  of  psychiatric  disorders  into  logical  diagnostic 
groups  is  difficult  because  at  present  so  little  is  known  about 
etiology.  Granted  that  an  etiological  classification  is  the 
ultimate  goal,  one  must  take  the  facts  as  they  are  known  to¬ 
day  and  do  as  well  as  possible  with  them.  Unfortunately 
these  facts  are  still  largely  on  the  descriptive  level,  but  much 
can  be  done  with  these,  and  some  tentative  etiological  deduc¬ 
tions  can  be  drawn.  It  is  certainly  of  interest  that  when  de¬ 
scriptive  pictures  are  drawn  on  clinical  lines,  the  disease  en¬ 
tities  seem  to  fall  into  a  sort  of  biological  order  that  agrees 
with  the  few  data  we  have  on  heredity,  chemistry,  histology 
and  psychology.  The  generalization  so  commonly  used  (for 
example,  the  division  of  all  psychiatric  reactions  into  “psy¬ 
chotic  or  neurotic”  and  into  “organic  or  functional”)  are  not 
only  unwarranted  but  misleading.  For  example  psychoneurosis 
is  usually  looked  upon  as  a  mild  or  minor  psychiatric  disorder 
that  does  not  entirely  incapacitate  the  person  and  does  not  call 
for  hospitalization.  A  psychosis,  however,  is  considered  a 
severe  disorder  of  behavior  that  needs  to  be  treated  in  a  special 
hospital.  In  other  words  the  distinction  is  legal  and  social 
and  of  little  interest  to  the  biologist  or  investigator.  Clinical 
observation  shows  that  mild  forms  of  the  disorders  usually 
called  “psychoses”  are  legally  no  worse  than  “neuroses,”  and 
that  vice  versa,  “psychoneurotic”  reactions  may  lead  to  legal 
restraint. 

With  these  inadequacies  of  our  knowledge  in  mind,  and  using 
a  clinical  approach,  I  give  in  the  following  pages  brief  descrip¬ 
tions  of  the  different  types  of  reactions  commonly  seen.  The 
personality  disorder  as  expressed  in  the  patient’s  behavior  is 
used  as  the  basis  of  description. 
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PSYCHONEUROTIC  DISORDERS 

Psychoneurosis,  or  neurosis,  is  usually  understood  to  mean 
a  disorder  of  behavior  due  to  maladjustment  of  interpersonal 
relations.  It  is  looked  upon  as  psychogenic.  Experience  in 
handling  people  and  in  treating  patients  clearly  proves  that 
manipulation  of  interpersonal  relations  by  psychotherapeutic, 
social  and  political  means  can  affect  behavior  for  better  or 
worse.  There  can  be  no  doubt  of  the  importance  of  psycho¬ 
genesis  in  the  causation  of  neurosis,  but  it  is  premature  to  say 
it  is  the  only  cause;  for  example,  there  is  as  yet  little  known 
about  hormones  and  heredity  in  this  field. 

Nervousness  is  the  popular  word  applied  to  a  long  fist  of 
symptoms,  some  of  which  everybody  has  experienced  at  one 
time  or  another  when  put  under  emotional  stress.  The  stresses 
that  precipitate  the  symptoms — in  our  civilized  society — are 
usually  social  or  interpersonal,  for  example,  ‘ ‘appearing  in 
public.”  The  symptoms  are  usually  due  to  excessive  function 
of  one  or  more  divisions  of  the  autonomic  nervous  system,  for 
example,  rapid  heart  rate,  pallor  or  flushing,  sweating,  hy- 
perpnea,  dry  mouth,  anorexia,  desire  to  urinate  or  defecate. 
These  symptoms  are  accepted  by  most  people  as  annoying 
but  not  abnormal;  in  some  they  may  become  incapacitating. 
They  can  be  explained  as  simple  exaggerations  of  the  normal 
functions  of  the  autonomic  nerves  and  endocrine  glands. 
There  is  probably  much  in  the  inherited  structure  of  a  person 
that  tends  to  make  him  autonomically  stable  or  labile;  cer¬ 
tainly  there  is  a  great  deal  in  his  “condition,”  as  athletic 
trainers  would  say. 

Psychological  experiences  can  enhance  or  inhibit  the  auto¬ 
nomic  reactions;  even  forgotten  experiences  continue  to  oper¬ 
ate  through  a  sort  of  conditioned  reflex  mechanism:  for  ex¬ 
ample,  an  embarrassing  situation  becomes  linked  with  an  un¬ 
pleasant  vasomotor  reaction;  whenever  similar  situations  (the 
conditioned  stimulus)  occur,  the  original  reaction  will  be  re¬ 
peated.  The  patient  regards  the  response  as  a  surprising 
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symptom  until  a  psychological  analysis  enables  him  to  recog¬ 
nize  the  association  between  the  first  experience  and  the  one 
which  precipitated  his  distress. 

A  more  definite  syndrome,  that  can  be  looked  upon  as 
pathological,  is  anxiety  neurosis.  Persons  suffering  from  this 
syndrome  have  sudden  attacks  in  which  they  palpitate,  hy¬ 
perventilate,  sweat  and  tremble.  They  may  have  pain  about 
the  heart,  tingling  in  the  extremities  or  even  the  symptoms  of 
tetany  may  appear  if  the  hyperventilation  goes  on  long  enough. 
Between  attacks  they  are  usually  fairly  well  adjusted,  able  to 
work  and  get  along  at  home,  but  there  is  usually  a  certain 
amount  of  chronic  anxiety  and  nervousness.  A  spirogram 
may  show  irregular  respiration  with  occasional  deep  sighs. 
The  psychogenic  aspect  is  often  a  situation  of  emotional  stress 
which  the  patient  does  not  appreciate  or  tries  to  overlook. 
Such  a  situation  may  arise  in  relation  to  sexual  maladjustment 
or  occupational  difficulties,  or  may  be  a  sort  of  conditioned 
reflex,  like  that  just  mentioned.  Hereditary  and  metabolic 
factors  probably  play  a  part. 

The  cardio-vascular-respiratory  system  shows  the  most 
marked  symptoms,  but  any  other  system  may  suffer:  the  skin, 
gastro-intestinal,  genito-urinary  system,  expressing  such  psy¬ 
chogenic  symptoms  as  atopic  dermatitis,  mucous  colitis  and 
impotence.  This  sort  of  reaction  is  often  said  to  be  hyster¬ 
ical,  but  I  prefer  to  reserve  that  term  for  a  more  specific  syn¬ 
drome  where  the  conversion  of  idea  into  symptom  is  more  ob¬ 
vious.  In  these  system  neuroses,  it  may  simply  be  that  the 
emotional  reaction  hits  the  weakest  system  in  an  individual, 
weak  by  inheritance  or  from  injury  during  life. 

Many  of  the  symptoms  of  anxiety  are  somatically  expressed 
so  the  syndrome  is  a  good  example  of  the  less  severe  type  of 
'psychosomatic  disorder.  It  is  probably  largely  psychogenic  (see 
Table  4)  but  there  is  evidence  that  it  runs  in  families  and  there 
are  certain  variations  in  lactic  acid  metabolism  and  oxygen 
utilization  that  might  put  some  of  the  symptoms  in  the  chemo- 
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genic  group.  When  these  disorders  are  seen  in  a  medical  clinic 
they  are  often  called  “Neurocirculatory  Asthenia”  (5).  Al¬ 
though  the  cardiovascular  and  respiratory  systems  are  the  ones 
most  often  affected  in  anxiety  reactions,  any  of  the  other 
systems  may  show  marked  symptoms.  For  example  im¬ 
potence  and  amenorrhea  (genito-urinary) ,  eczema  and  hives 
(skin),  mucous  colitis  and  anorexia  (gastro-intestinal)  (6)  are 
commonly  associated  with  anxiety. 

Pain  Reactions.  Pain  is  caused  by  a  complex  series  of  neu¬ 
rones  activated  by  sensory  stimuli  from  the  periphery  and 
modified  and  conditioned  by  central  mechanisms ;  it  cannot  be 
localized  at  any  one  level,  peripheral,  spinal,  diencephalic,  or 
cortical.  In  cases  of  “central  pain”  it  seems  as  if  peripheral 
stimulation,  combined  with  central  conditioning,  had  set  up 
central  activity  which  continues  long  after  peripheral  stimula¬ 
tion  stops.  The  theory  of  reverberating  neurone  circuits  has 
been  utilized  to  explain  such  phenomena.  Referred  pain  has 
been  discussed  in  Chapter  III.  Removal  of  a  peripheral  neu¬ 
rone,  cordotomy,  frontal  leucotomy,  and  gyrectomy  have  each 
been  known  to  relieve  pain  in  a  phantom  limb. 

Pain  may  be  decreased  and  even  completely  inhibited  by 
psychological  procedures,  such  as  hypnosis,  suggestion,  and  dis¬ 
traction.  The  most  convincing  cases  are  those  in  which  major 
operations  and  obstetrical  deliveries  have  been  performed 
under  hypnosis.  Other  patients  have  had  amputations  per¬ 
formed  while  praying  to  religious  images,  and  have  said  they 
felt  no  pain.  Simple  suggestion  by  the  giving  of  placebos  fre¬ 
quently  reduces  ordinary  pain  to  a  remarkable  degree.  Dis¬ 
traction  by  arousing  interest  in  things  not  connected  with  the 
pain  can  be  extraordinarily  effective.  The  literature  abounds 
in  examples  (7).  Relief  of  anxiety  is  one  of  the  best  analgesics. 
Beecher  (8)  and  his  associates  have  done  many  controlled  ex¬ 
periments  with  graded  stimulation  to  nerve  endings ;  they  have 
also  had  wide  clinical  experience  with  the  “experiments  of 
nature”  on  the  battle  field  and  in  hospital.  They  conclude 
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that  the  extent  of  the  wound  bears  only  slight  relationship  to 
the  pain  experienced.  For  example,  in  war  a  wound  may  be 
the  means  of  escape  from  great  anxiety;  the  patient  taken  from 
the  firing  line  to  a  field  hospital  often  complains  of  no  pain. 
On  the  other  hand,  the  civilian  patient  brought  to  hospital  and 
subjected  to  operation  may  complain  bitterly  of  a  relatively 
small  amount  of  tissue  damage.  As  Beecher  puts  it  “A  wound 
is  not  alone  the  cause  of  pain;  the  significance  of  the  wound 
may  be  the  paramount  factor  in  determining  the  production  of 
pain.”  In  suffering,  the  reaction  component  is  at  least  as  im¬ 
portant  as  the  amount  of  stimulation  applied  to  nerve  terminals. 

Pain  and  suffering  are  not  the  same  thing.  Pain  may  be  a 
large  part  or  a  small  part  of  a  patient’s  suffering.  A  mild  pain 
may  cause  much  suffering  because  of  what  it  means  to  the  pa¬ 
tient.  His  life  experience  and  conditioning  determine  to  a 
great  degree  how  he  will  react.  Men  unaccustomed  to  pain 
may  be  thrown  into  a  state  of  fear  by  a  sudden  painful  illness. 
Less  healthy  men  who  have  suffered  many  illnesses  may  learn 
to  tolerate  much  chronic  pain  and  pay  little  attention  to  it. 
The  matter  of  attention  to  pain  is  of  great  importance.  Per¬ 
sons  living  happy  and  active  lives  full  of  interest  can  tolerate 
pain  that  would  lay  low  the  lonely  and  psychologically  im¬ 
poverished;  but  a  person  who  has  appeared  normal  for  years 
may  have  neurotic  reaction  patterns  that  are  stimulated  by  the 
occurrence  of  pain.  Such  a  person  may  focus  his  attention  on 
the  pain  to  the  exclusion  of  almost  everything  else.  A  com¬ 
mon  psychoneurotic  reaction  is  to  regress  to  a  childhood  pat¬ 
tern  and  make  use  of  the  pain  to  gain  special  care  and  attention. 
Many  patients  with  conversion  symptoms  (“hysteria”)  have 
a  dim  awareness  of  what  is  going  on  and  are  quite  on  the  de¬ 
fensive  with  the  doctor.  Others  may  have  so  completely  sup¬ 
pressed  all  consciousness  of  the  mechanism  that  they  show  “la 
belle  indifference”  and  are  most  cooperative.  A  few  are  con¬ 
sciously  faking.  No  sharp  line  can  be  drawn  between  malin¬ 
gerer  and  neurotic.  An  understanding  of  all  this  is  most  im- 
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portant  for  the  physician;  not  only  for  his  therapeutic  success, 
but  also  for  his  handling  of  pensions,  compensation,  and  other 
legal  questions. 

Reactive  Depression.  To  feel  “downhearted,”  “blue,” 
“unhappy”  is  a  normal  reaction  to  loss  of  money,  position, 
friends  or  family.  According  to  the  situation,  the  customs 
of  the  community  and  the  constitution  of  the  individual  the 
period  of  grief  may  be  weeks  or  months.  When,  however,  the 
loss  seems  to  the  physician  to  be  trivial  and  the  depression  of 
mood  is  prolonged  and  out  of  proportion,  the  reaction  is  con¬ 
sidered  neurotic.  Various  psychological  mechanisms  may 
hold  the  patient  back  from  normally  throwing  off  his  depression 
and  going  back  into  the  affairs  of  the  world  in  which  he  lives. 
Most  of  these  are  but  partly  known.  Perhaps  feelings  of  guilt, 
feelings  of  inferiority  and  loneliness  are  the  chief  proximate 
causes.  To  know  the  ultimate  causes  in  each  person  would 
mean  the  carrying  out  of  a  more  prolonged  study  than  even  a 
psychoanalysis  could  give,  for  life  is  a  continuous  process  of 
adaptation. 

Depressions  such  as  these  are  common  and  in  general  can 
be  distinguished  from  those  of  the  manic-depressive  group  be¬ 
cause  they  seem  to  depend  on  circumstances,  are  not  accom¬ 
panied  by  much  retardation  of  thought  and  speech,  loss  in 
weight  and  morning  agitation.  Equally  important  is  the 
history,  which  shows  no  previous  manic  or  depressive  spells  in 
the  patient’s  life  or  in  the  life  histories  of  his  near  relatives. 
But  in  mild  cases  of  depression  the  differential  diagnosis  is 
often  impossible. 

Phobias  do  not  represent  a  distinct  entity.  They  appear 
most  clearly  in  certain  anxiety  neuroses.  The  person  suffer¬ 
ing  from  this  type  of  symptom  is  afraid  of  certain  special  situa¬ 
tions — high  places,  closed  spaces,  wide  spaces,  water,  syphilis, 
etc.  The  fear  seems  to  them  unreasonable,  but  it  is  automatic 
and  overwhelming.  They,  therefore,  keep  away  from  the 
situation  that  they  know  will  frighten  them  and  this  greatly 
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narrows  their  social  activities.  If  they  do  find  themselves 
in  that  situation  they  will  have  an  anxiety  attack.  Other 
phobias  may  occur  as  a  symptom  of  hypochondriasis,  for 
example,  the  patient  may  fear  he  has  syphilis.  Again  in  com¬ 
pulsive  states  the  actions  of  the  patient  may  be  based  on  a 
fear,  as  in  the  repeated  hand-washing  of  a  patient  who  fears 
bacterial  contamination  of  his  hands. 

Obsessions  are  repetitive  thoughts  that  come  into  conscious¬ 
ness  and  cannot  be  suppressed.  The  thoughts  may  be  hostile 
or  sexual  or  doubting  or  apparently  meaningless,  and  they  may 
interfere  greatly  with  work  and  happiness.  If  they  lead  to 
acts  on  the  part  of  the  patient  he  is  said  to  be  suffering  from  a 
compulsion,  i.e.,  he  has  to  do  certain  acts,  he  does  not  clearly 
understand  why,  just  as  in  obsessive  thinking  he  cannot  tell 
why  the  thoughts  keep  coming  up.  These  types  of  psycho¬ 
neurosis  are  obviously  more  psychological  and  less  related  to 
visceral,  physiological  systems  than  the  anxiety  group. 

The  Substitutive  Reactions  (usually  called  “hysteria”)  make 
a  fairly  well  defined  group,  with  a  variable  but  recognizable 
syndrome  (7).  In  civil  life  it  usually  appears  in  young  women, 
often  infantile  in  body  build,  who  also  have  infantile  emotional 
reactions.  The  symptoms  are  usually  neuromuscular,  that  is 
to  say,  related  to  the  striated  muscles  and  cerebro-spinal 
nervous  system  (as  opposed  to  the  autonomic  symptoms  de¬ 
scribed  above).  For  example,  a  limb  may  be  paralyzed  or 
become  anesthetic,  or  both.  The  patient  may  lose  the  func¬ 
tion  of  a  sense  organ,  vision,  smell  or  hearing.  In  spite  of  such 
severe  symptoms  she  seems  to  be  emotionally  unperturbed — 
“la  belle  indifference” — and  she  has  forgotten  entirely  any  con¬ 
nection  between  the  appearance  of  the  symptom  and  environ¬ 
mental  situations  which  might  have  precipitated  them  or  made 
it  to  her  advantage  to  be  incapacitated  in  this  way.  The 
mechanism  of  hysteria  can  be  explained  best  by  a  childish  wish, 
to  be  loved  and  cared  for  because  of  illness,  translated  into 
action  by  producing  a  symptom  and  forgetting  the  wish.  The 
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amnesia  may  not  be  restricted  to  that  alone  but  may  be  mani¬ 
fest  in  the  forgetting  of  many  recent  events  or  even  in  som¬ 
nambulistic  behavior.  Such  symptoms  are  not  confined  to 
young  women,  but  can  be  seen  in  the  behavior  of  other  mam¬ 
mals  “playing  ’possum.”  The  tendency  to  this  sort  of  behavior 
is  probably  present  in  all  people  to  some  extent,  but  it  takes 
terrific  stresses  like  modern  warfare  to  bring  it  out  in  most  men. 

Behind  this  behavior,  on  which  the  diagnosis  is  made,  a  long 
and  careful  psychological  analysis  will  usually  bring  out  the 
aggressive  and  sexual  character  of  the  repressed  wishes.  It 
is  rare  to  see  hysteria  after  middle  life;  the  hysterics  seem  to 
flourish  in  youth  and  then  in  middle  age  they  make  adjustments 
and  perhaps  settle  down  to  be  queer  or  crotchety  people,  but 
they  rarely  show  the  conversions  and  amnesias  of  their  youth. 
All  this  suggests  that  the  symptoms  are  psychogenic,  but  the 
disorder  has  strong  tendency  to  affect  certain  types  of  persons, 
so  the  genogenic  and  chemogenic  factors  cannot  be  overlooked. 

Personality  Perversion  and  Character  Neurosis  are  terms  used 
to  describe  persons  with  good  intelligence  who  have  behavior 
problems,  but  no  evidence  of  cerebral  lesion  or  epilepsy  (see 
Chapter  XII).  They  are  also  called  “queers,”  delinquents, 
“moral  idiots,”  psychopaths  and  “constitutional  psychopathic 
inferiors.”  Their  difficulties  are  psychological  and  social,  from 
inconspicuous  rebellious  behavior  to  alcoholism,  drug  addiction, 
sexual  perversion  and  crime.  It  is  a  heterogeneous  group  and 
includes  so  many  problems  in  sociology  and  criminology  that 
it  can  only  be  mentioned  here.  The  implication  of  the  diag¬ 
nosis  “character  neurosis”  is  that  the  abnormal  behavior  is  due 
to  difficulties  in  childhood  adaptation  and  that  psychotherapy 
could  benefit  the  patient.  Results  of  treatment  have  been 
discouraging.  In  making  the  diagnosis  one  must  rule  out  by 
special  examinations  as  definitely  as  possible,  the  feeble  minded, 
the  epileptic  and  the  patients  with  diffuse  cerebral  injury  but 
no  fits.  All  of  these  three  groups  may  act  like  “psychopaths.” 
That  is  the  reason  that  the  diagnosis  “constitutional  psycho- 
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pathic  inferior”  is  being  given  up;  it  is  too  much  of  a  catch-all 
and  implies  an  hereditary  taint  that  can  rarely  be  proven. 

Hypochondriasis  describes  a  group  of  introverted  patients 
whose  main  interest  in  life  seems  to  revolve  about  their  viscera. 
These  are  not  merely  persons  who  worry  from  time  to  time 
about  the  functions  of  one  organ  or  another,  that  sort  of  hypo- 
chrondriacal  anxiety  can  be  seen  in  any  of  the  milder  neurotic 
states  and  occurs  occasionally  in  practically  all  normal  people. 
The  true  hypochondriac  is  convinced  that  certain  organs  are 
diseased  or  are  functioning  improperly.  It  is  impossible  to 
convince  him  by  medical  examinations  and  argument;  he  goes 
on  to  another  physician.  Any  system  of  organs  may  be  chosen, 
but  the  stomach  and  intestines,  the  heart  and  the  genito-urinary 
system  are  the  most  common.  The  patient’s  mood  does  not 
show  true  depression,  but  the  everpresent  sense  of  gloom  be¬ 
cause  of  illness  often  gives  a  depressive  impression.  Intel¬ 
lectual  faculties  such  as  memory,  orientation,  insight,  vocabu¬ 
lary  are  not  disturbed  as  far  as  tests  are  concerned,  but  the 
effectiveness  of  the  person  is  greatly  reduced.  The  content  of 
thought  is  anxious  self-concern;  the  physician  can  allay  the 
anxiety  for  a  time  but  it  returns  and  the  patient  comes  back  or 
seeks  help  elsewhere.  He  cannot  rid  himself  of  the  fear  that 
his  organs  are  diseased.  The  abnormality  is  not  so  much  in 
the  content  of  the  thoughts  expressed  as  in  the  amount  of 
energy  and  time  wasted  by  the  patient  on  his  hypochondriasis ; 
some  of  them  do  practically  nothing  in  life  that  is  not  condi¬ 
tioned  by  their  introspective  ideas  about  their  viscera.  To 
others  the  thoughts  are  incidental  and  come  only  as  waves  of 
anxiety  when  they  are  not  otherwise  occupied.  It  is  the  former 
that  are  close  to  a  schizo-affective  state  and  are  with  difficulty 
differentiated  from  mild  agitated  depression. 

SCHIZO-AFFECTIVE  REACTIONS 

More  than  half  of  the  beds  in  mental  hospitals  are  occupied 
by  patients  suffering  from  schizophrenic  and  affective  psy- 
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choses.  These  two  groups,  schizophrenia  (dementia  praecox) 
and  manic-depressive  affective  psychoses  are  of  unknown  eti¬ 
ology  and  have  no  characteristic  lesions.  They  are  therefore 
sometimes  called  “functional.”  This  terminology  is  thor¬ 
oughly  misleading  because  it  suggests  that  the  disorders  are 
psychogenic,  the  term  “functional”  being  often  misused  thus  in 
discussions  of  the  neuroses.  Physiologically  speaking,  func¬ 
tional  change  means  a  change  in  bodily  state  that  is  reversible 
and  may  return  to  the  “normal”  or  average  state  of  the  or¬ 
ganism.  Under  no  circumstances  could  a  “functional”  change 
be  inherited.  Since  there  is  good  evidence  that  these  two  psy¬ 
choses  are  inheritable  (9),  the  term  is  incorrect. 

Although  in  typical  cases  these  two  types  of  psychosis  are 
quite  different  and  easily  separated  nosologically,  they  are  the 
extremes  of  a  continuous  series  of  variables.  In  other  words,  if 
cases  with  purely  manic-depressive  symptoms  are  put  at  one 
end  of  the  series,  and  cases  with  purely  schizophrenic  symptoms 
at  the  other,  the  space  between  can  be  filled  in  with  a  long 
series  of  cases  which  are  mixtures:  near  one  end  will  be  ex¬ 
amples  of  depression  or  mania  with  “schizophrenic  coloring,” 
near  the  other,  schizophrenia,  with  depressive  elements  or 
cyclic  mood  swings.  There  are  a  few  cases  described  where 
the  symptoms  are  schizophrenic  but  run  in  cycles.  In  the  mid¬ 
zone  of  this  series  are  cases  that  have  mixed  symptoms  and  so 
are  called  schizo-affective  psychosis. 

The  background  of  the  schizo-affective  disorders  is  certainly 
hereditary.  Some  evidence  indicates  metabolic  and  endocrinal 
factors  as  playing  a  part.  Social  and  environmental  stress 
often  act  as  precipitating  causes  and  psychotherapy  is  known  to 
help  some  cases.  No  histological  lesions  are  found  in  the  brain 
at  autopsy,  but  Elvidge  (10)  has  shown  that  biopsy  of  the  brain 
can  reveal  swollen  oligodendroglia  cells  during  stuporous  epi- 
sodies.  In  short  the  disease  is  genogenic,  with  probably  secon- 
ary  chemogenic  and  histogenic  factors  and  commonly  psycho¬ 
genic  precipitants. 
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The  usual  history  of  a  person  with  manic-depressive  psycho¬ 
sis,  is  that  he  has  for  years  been  subject  to  mood  swings,  alter¬ 
nating  periods  of  elation  and  depression.  These  may  have 
remained  within  the  limits  of  normal,  and  the  patient  and  his 
immediate  family  may  alone  have  noticed  them.  On  the  other 
hand  they  may  have  caused  him  to  seek  protection  in  hos¬ 
pitals. 

In  the  depressed  phase  of  the  cycle  the  patient  is  sad,  his 
face  expresses  the  sad  mood,  he  moves  little,  has  great  inertia, 
indecisiveness  and  difficulty  in  thinking.  The  symptoms  are 
worse  in  the  morning  and  so  he  may  become  more  responsive 
through  the  day  and  appear  almost  normal  by  evening.  Ap¬ 
petite  is  poor,  constipation  is  common,  sleep  is  disturbed  and 
there  is  loss  of  weight.  Mild  cases  may  conceal  almost  all  of 
this  and  go  on  at  work  for  months.  Severe  cases  cannot  work 
and  cannot  live  at  home.  Suicide,  because  of  the  patient’s 
utter  hopelessness,  is  the  only  serious  risk,  and  may  occur  in  the 
mild  as  well  as  in  the  outwardly  severe  cases.  The  prognosis 
for  recovery  from  any  one  attack  is  excellent;  almost  all  get 
well  if  suicide  is  prevented. 

The  manic  phase  is  the  exact  opposite  of  the  picture  given 
above.  The  patient  has  an  excess  of  energy,  he  is  always  on 
the  move,  his  eye  is  bright  and  his  face  animated.  Ideas  come 
rapidly  and  are  often  as  rapidly  turned  into  action.  The  mood 
is  apparently  happy,  but  often  mixed  with  an  irritability, 
lability  of  emotion  and  egotism,  that  make  these  patients 
extremely  difficult  to  deal  with.  Their  bowels  move  often. 
They  sleep  little ;  in  fact  in  severe  cases  insomnia  and  ceaseless 
activity  may  lead  to  exhaustion  and  death. 

Involutional  depression,  or  melancholia,  is  a  special  type  of 
reaction  peculiar  to  the  post-menopausal  period  in  women  and 
the  sixth  and  seventh  decades  in  men.  The  patient  is  greatly 
depressed  in  mood,  is  agitated  and  hopeless.  His  complaints 
are  usually  centered  on  his  viscera  and  are  reiterated  endlessly. 
The  outlook  in  these  cases  is  less  hopeful  than  is  the  depression 
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of  the  manic-depressive  group.  There  is  probably  an  endo¬ 
crine  background  to  their  psychoses,  as  gonadal  hormones  have 
been  found  helpful.  In  some  of  the  most  severe  cases  electro¬ 
shock  and  frontal  leucotomy  have  given  remarkable  therapeutic 
results. 

The  severe,  typical  schizophrenic  patient  is  not  difficult  to 
recognize.  The  onset  of  symptoms  is  commonly  in  late  adoles¬ 
cence  (hence  the  name  dementia  praecox)  in  youths  who  are 
often  of  the  leptosome  or  asthenic  type  of  body,  skinny,  thin 
necked,  flat  chested,  with  widely  separated  eyes,  heavy  brows 
and  a  low  hair  line.  The  mental  symptoms  are  not  related  to 
mood  and  energy  output,  as  in  cyclothymia,  but  to  the  content 
of  thought.  The  patient’s  ideas  are  queer,  twisted,  not  in  re¬ 
lation  to  reality.  He  is  sensitive  to  an  extraordinary  degree 
but  shows  little  emotional  response  to  what  goes  on  about  him. 
Expressions  of  happiness,  rage  and  despair  seem  to  come  with¬ 
out  relation  to  the  environment;  the  patient  seems  to  be  living 
in  a  world  of  his  own  fantasies  to  which  he  reacts  and  this  makes 
his  behavior  unpredictable  and  dangerous.  Ideas  of  persecu¬ 
tion  are  common  and  any  of  the  patient’s  delusional  ideas  may 
attain  such  intensity  that  they  cannot  be  distinguished  from 
real  perception  and  so  become  hallucinations.  Mild  schizo¬ 
phrenia  occurs  frequently ;  persons  thus  afflicted  may  live  their 
lives  in  a  protected  environment  and  never  need  hospital  care, 
but  emotional  stress  or  sudden  environmental  change  may  pre¬ 
cipitate  a  short  or  even  a  long  increase  of  symptoms.  The 
most  severe  cases  go  into  a  prolonged  stupor  in  which  they  lie 
in  bed,  refuse  food,  take  strange  postures,  and  act  as  if  they 
had  regressed  to  an  infantile  level.  Death  often  occurs  from 
intercurrent  disease  (e.g.,  tuberculosis)  because  of  inanition. 
Nevertheless  these  patients  may  live  surprisingly  long,  and 
thus  fill  some  300,000  hospital  beds  in  the  United  States,  far 
more  than  any  other  disease. 

In  some  patients  a  paranoid  development  takes  place  without 
schizophrenic  symptoms.  Paranoia  is  suspiciousness  or- 
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ganized  to  an  incapacitating  degree.  It  is  common  in  schizo¬ 
phrenia,  and  in  a  less  malignant  form  is  found  in  manic  states. 
In  the  paranoid  development,  however,  the  patient  seems  to 
be  well  oriented,  not  deteriorated  and  the  only  mood  dis¬ 
turbance  is  irritability.  He  is  logical  to  a  pathological  degree, 
but  bases  his  arguments  on  unacceptable  premises.  His  mind 
runs  in  one  track,  he  is  a  “crank”  for  years  and  eventually, 
feeling  cast  out,  he  develops  ideas  of  persecution.  These  pa¬ 
tients  may  live  long  lives  in  the  community  as  reformers,  or 
they  may  become  violently  antisocial  and  dangerous. 

SEVERE  PSYCHOSOMATIC  REACTIONS 

A  number  of  chronic  medical  diseases  are  now  widely  be¬ 
lieved  to  have  an  important  psychological  component  in  their 
etiology.  Most  of  them  are  closely  related  to  disorders  of  the 
autonomic  nervous  system.  Examples  of  this  group  are  glau¬ 
coma,  vasomotor  rhinitis,  hypertension,  asthma,  peptic  ulcer, 
ulcerative  colitis  and  urticaria.  The  relation  of  psychological 
stress  to  these  is  not  simple,  and  the  mechanisms  by  which  the 
emotional  factors  play  a  role  in  developing  lesions  has  not  been 
clearly  worked  out.  Good  evidence  for  such  a  relationship  is 
given  in  the  research  publication  of  the  Association  for  Re¬ 
search  in  Nervous  and  Mental  Disease  (4).  These  and  some 
other  medical  diseases  are  said  to  be  caused  or  precipitated  by 
stress  (11).  Continued  exposure  to  cold,  oxygen  deprivation 
or  strong  emotion  may  bring  on  the  reactions  of  adaptation 
which  seem  to  be  important  in  the  etiology  of  such  diseases  as 
hypertension,  asthma,  arthritis  and  ulcerative  colitis.  Here, 
too,  the  psychological  mechanisms  are  not  clear,  but  the  evi¬ 
dence  that  such  relationships  are  important  is  convincing. 

Probably  all  diseases  have  some  psychological  component. 
Psychosomatic  medicine  at  present  is  largely  concerned  with 
the  groups  mentioned  above,  because  in  these  it  seems  that 
psychiatry  can  offer  a  therapeutic  approach  and  aid  the  phy¬ 
sician  or  surgeon  in  his  treatment.  Much  has  already  been 
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done  clinically  and  many  patients  with  these  severe  medical 
disorders  have  been  helped  by  psychotherapy ;  others  have  been 
disturbed  and  made  worse.  The  psychiatric  picture  is  not  that 
of  neurosis  as  described  above,  but  seems  more  to  resemble  that 
seen  in  the  schizophrenic  reactions.  Because  of  the  severity 
of  such  mental  symptoms  on  the  one  hand,  and  the  risk  of  death 
from  the  medical  disease  on  the  other  this  field  is  difficult  and 
dangerous.  Here  again  the  effects  of  ACTH  and  cortisone  are 
remarkable,  and  link  the  hormones  with  the  autonomic  nervous 
system  and  the  visceral  brain  in  explaining  the  effect  of  emo¬ 
tions  (see  Figure  3). 

CHEMOGENIC  AND  HISTOGENIC  DISORDERS 

Different  from  the  mental  reactions  described  as  schizo-af- 
fective  or  psychoneurotic  are  those  due  to  pathological  changes 
in  nervous  tissue.  Of  course  the  line  between  chemogenic  and 
histogenic  is  arbitrary  and  is  drawn  when  a  disturbance  of 
nerve  cells  reaches  a  point  from  which  the  cell  cannot  return  to 
normal;  the  change  in  the  cell  has  become  irreversible;  a  “le¬ 
sion”  appears  because  the  disturbance  becomes  visible  if  an 
autopsy  is  performed  later.  Many  reversible  reactions  may  be 
visible  under  the  microscope,  but  biopsy  methods  are  so  un¬ 
usual  in  neuropsychiatry  that  the  cell  changes  are  practically 
unknown  except  where  animal  experiments  have  been  used  to 
observe  the  effects  of  such  substances  as  manganese,  lead,  car¬ 
bon  monoxide  and  morphine.  One  of  the  best  examples  of  the 
existence  of  this  line  between  chemogenic  and  histogenic  dis¬ 
orders  is  asphyxiation.  Low  oxygen  content  of  the  inspired  air 
is  known  to  give  definite  symptoms;  up  to  a  certain  point  of 
deprivation  they  are  described  as  psychological,  then  stupor 
and  convulsions  may  supervene.  At  this  time  irreversible 
changes  have  already  taken  place.  Anoxia  prolonged  beyond 
this  makes  islands  of  softening  in  the  brain  which  may  cause 
any  one  of  a  number  of  neurological  symptoms.  The  psycho¬ 
logical  disturbance  of  cerebral  hypoxia  I  would  call  “chemo¬ 
genic,”  the  neurological  symptoms  of  anoxia  “histogenic.” 
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The  commonest  general  reaction  to  chemical  or  toxic  agents 
is  delirium.  In  this  state  the  patient  is  confused  and  dis¬ 
oriented;  he  suffers  from  delusions  and  may  have  visual  or 
auditory  hallucinations.  The  content  of  thought  is  usually 
not  bizarre,  as  in  schizophrenia,  rather  it  is  naive  and  deals 
with  his  previous  life  experiences  or  with  childish  imaginations, 
and  fears,  often  perceived  as  hallucinations.  Deliria  are  usu¬ 
ally  of  brief  duration  and  are  explainable  on  the  basis  of  some 
sort  of  intoxication  due  to  infections  with  fever,  or  drugs  such 
as  alcohol  and  bromide.  The  list  of  special  drugs  is  a  long  one, 
some  of  them  affecting  one  sense  organ  more  than  another,  as 
in  the  vivid  hallucinations  of  mescalin  and  the  paresthesias  of 
the  skin  with  cocaine  poisoning.  Some  tend  to  make  the  addict 
lethargic  (morphia)  or  restless  and  aggressive  as  with  hasheesh 
and  marijuana.  Nevertheless  the  description  of  a  basic  de¬ 
lirious  reaction  holds  true  for  the  group. 

Mental  disorders  due  to  vitamin  deficiency  form  a  closely 
associated  group.  At  present  the  chemistry  causing  these 
changes  is  not  exactly  known,  but  interference  with  oxidation 
and  enzyme  reactions  is  an  important  part  of  the  mechanism. 
The  mental  abnormality  of  pellagra  comes  from  a  neuronal 
disorder  caused  by  lack  of  nicotinic  acid.  The  vitamin  B  com¬ 
plex  is  the  one  implicated  in  many  nervous  diseases  (see  Chapter 
X) ,  and  pellagra  is  the  disease  most  typical  of  the  group.  From 
the  psychopathological  standpoint  the  patients  show  reactions 
somewhat  resembling  the  deliria,  but  the  onset  is  more  in¬ 
sidious,  with  evanescent  symptoms  of  memory  loss,  confusion 
and  irritability.  The  course  of  the  disease  is  long,  and  in  the 
late  stages,  when  lesions  can  be  clearly  demonstrated  in  brain 
and  cord,  unrecoverable  dementia  is  encountered  with  neuritis 
and  dermatitis. 

Endocrine  disorders  may  cause  mental  symptoms.  This  has 
long  been  known  in  hyper-  and  hypothyroidism  and  in  acro¬ 
megaly.  That  disease  of  the  adrenal  glands,  especially  Addi¬ 
son’s  syndrome,  is  usually  accompanied  by  mental  aberration 
is  not  so  well  known  (14).  The  most  striking  evidence  of  the 
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importance  of  the  endocrine  glands  to  psychiatry  is  the  demon¬ 
stration  that  cortisone  therapy,  as  used  for  arthritis  and  other 
medical  diseases,  usually  precipitates  psychological  disturb¬ 
ances.  These  may  be  limited  to  a  mild  euphoria  of  a  few  days’ 
duration,  or  they  may  constitute  a  severe  psychosis  lasting  for 
months.  The  symptomatology  is  that  of  the  schizo-affective 
group,  but  more  variable,  changing  rapidly  from  schizophrenic 
to  depressive  or  manic.  The  adrenocorticotropic  hormone 
(ACTH)  of  the  pituitary  may  act  in  the  same  way.  The  sex 
hormones  have  a  marked  effect  upon  personality.  The  changes 
in  libido  caused  by  increase  or  decrease  of  these  hormones  is 
common  knowledge.  Altschule  and  Bower  (12)  have  shown 
that  schizo-affective  reactions  in  the  puerperium  can  often  be 
relieved  by  oestrogen.  Cleghorn  (13)  has  written  a  fine  review 
of  the  interplay  between  endocrine  and  psychological  dysfunc¬ 
tion.  It  is  in  this  area  that  research  may  well  make  important 
advances  in  the  next  few  years,  especially  in  relation  to  the 
schizo-affective  psychoses. 

In  cases  where  known  cerebral  lesions  are  responsible  for 
psychopathological  states  there  are  at  least  three  factors  to 
be  taken  into  consideration:  what  sort  of  pathological  process 
is  taking  place,  where  it  is  located  in  the  brain,  and  how  long 
it  has  been  going  on. 

Some  kinds  of  psychological  reaction  are  known  to  be  corre¬ 
lated  with  certain  types  of  lesion,  but  on  the  whole,  mental 
reactions  to  neoplastic,  infectious  or  vascular  lesions  are  more 
alike  than  they  are  distinctive.  It  is  easier  to  tell  where  a  lesion 
is  in  the  brain,  than  what  it  is.  Certain  exceptions  are  obvious: 
free  blood  in  the  ventricles  is  likely  to  cause  violent  and  noisy 
behavior  with  complete  disorientation ;  acute  meningococcus  in¬ 
fection  may  do  the  same  thing.  Syphilitic  encephalitis  (gen¬ 
eral  paresis)  seems  to  express  itself  in  irritability,  loss  of  refined 
manners,  euphoria  and  memory  loss,  whereas  other  types  of 
encephalitis  are  more  likely  to  cause  stupor  and  convulsions, 
but  here  the  difference  may  be  the  timing  and  localization  of 
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the  process,  rather  than  the  specific  sort  of  lesion  seen  under 
the  microscope.  In  the  encephalopathy  due  to  deficiency  of 
the  vitamin  B  complex  Korsakow’s  syndrome  is  common  with 
its  gaps  in  memory,  confabulation  to  fill  in  these  defects,  tense¬ 
ness,  irritability,  variable  states  of  confusion  and  occasional  im¬ 
pulsive  outbursts.  Brain  tumors  rarely  lead  to  aggresively 
disturbed  behavior;  the  more  usual  results  are  gradual  loss  of 
interest  and  progressive  dullness  of  perception  and  emotion. 
The  gradual  senile  atrophy  of  the  brain  that  causes  memory 
loss,  speech  difficulty  and  disorientation  with  only  a  late  loss 
of  polite  manners  is  an  interesting  antithesis  to  the  dementia 
paralytica  of  syphilis. 

Apparently  the  suddenness  of  onset  and  speed  of  progress  of 
any  of  these  lesions  is  important  in  determining  what  sort  of 
psychopathological  reactions  occur.  The  rapid  processes  tend 
to  cause  more  violent  reactions  with  confusion  and  more  motor 
restlessness  and  even  convulsions,  while  the  slow  processes  are 
accompanied  more  often  by  less  dramatic  symptoms  and  par¬ 
tial  losses  of  function.  It  may  be  that  the  rapidly  progressive 
diseases  actually  act  as  irritants  to  nerve  tissues  and  stimulate 
cells,  whereas  the  slower  processes  act  more  by  causing  func¬ 
tional  deficit.  No  generalizations  can  at  present  be  made. 
Diagnosis  must  rely  not  only  on  the  psychiatric  picture,  but 
on  the  neurological  status,  the  medical  history  and  many  labo¬ 
ratory  procedures. 

Cerebral  localization,  the  question  as  to  where  the  lesion 
lies  in  the  brain,  has  been  briefly  discussed  in  Chapter  V.  A 
thorough  discussion  would  mean  the  writing  of  a  book  on  the 
functions  of  the  higher  integrative  levels  of  the  cerebrum. 
Some  of  the  fundamentals  are  brought  out  in  figure  12.  Of 
the  51  histologically  different  cortical  areas  described  by 
Brodmann  (see  Chapter  V)  the  functions  of  about  ten  are  ac¬ 
curately  known,  while  physiologists  and  psychologists  can  give 
a  good  guess  as  to  the  functions  of  perhaps  14  more.  Much 
remains  to  be  done  and  there  is  great  hope  of  further  advance 
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if  neurologists,  neurosurgeons,  psychologists  and  psychiatrists 
will  cooperate  in  careful  studies  of  cerebral  defect.  The  studies 
on  the  effects  of  frontal  leucotomy  are  cases  in  point.  Great 
headway  can  be  made  if  all  these  investigators  can  be  truly 
imbued  with  the  belief  that  the  organism  is  a  unit. 

THE  MONISTIC  POINT  OF  VIEW 

When  it  is  really  comprehended  that  there  can  be  no  function 
without  structural  change  the  “mechanists”  will  have  more  in¬ 
terest  in  “neurotic”  symptoms.  When  it  is  understood  that 
the  psychological  disturbances  of  the  neuroses  are  mental  phe¬ 
nomena  and  therefore  based  on  neuronal  relationship  (see 
Chapter  VI)  the  psychologist  who  happens  to  be  specializing 
on  interpersonal  relations  will  take  more  interest  in  the  brain. 
Advance  in  the  understanding  of  how  the  brain  works  depends 
upon  more  real  comprehension  of  what  is  implied  in  the  concept 
of  the  unity  of  the  organism  (15) .  Many  psychiatrists  pay  lip- 
service  to  the  monistic  concept,  but  few  have  disciplined  them¬ 
selves  to  the  point  where  they  have  actually  stopped  thinking 
dualistically.  It  is  no  easy  task  to  discard  habits  of  thought 
that  are  centuries  old,  supported  by  such  names  as  Socrates, 
Descartes  and  Sherrington,  and  embedded  in  the  idioms  of  our 
languages.  We  all  like  to  dichotomize,  to  think  in  terms  of 
either  /or. 

We  accept  the  word  psychogenic  as  meaningful  when  used 
thoughtfully  to  indicate  a  series  of  phenomena  initiated  by 
symbolic  stimuli,  for  example,  by  spoken  or  written  words. 
We  realize  that  the  stimuli  and  the  resulting  phenomena  are 
all  physical.  They  depend  on  molecular  changes  in  the  body, 
especially  in  the  brain.  But  it  seems  to  be  difficult  to  accept 
the  point  of  view  that  there  is  no  basic  difference  between 
physical  and  psychological  phenomena.  The  psychological 
are  merely  more  complex.  To  accept  this  the  monist  must 
have  a  working  hypothesis  as  to  what  mind  is.  He  cannot 
simply  deny  the  existence  of  the  mind-body  problem.  It  is  too 
deeply  ingrained  in  our  stubborn  folklore  to  be  exorcised  by  an 
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act  of  will.  The  word  “mind”  is  an  abstraction  used  to  denote 
a  supremely  important  part  of  cerebral  function.  It  is  an  ab¬ 
straction  in  the  same  sense  that  the  word  “circulation”  is  an 
abstraction.  When  a  physician  thinks  of  “circulation”  as  ap¬ 
plied  to  man,  he  thinks  of  heart,  arteries,  veins,  capillaries,  and 
the  blood  with  its  oxygen,  hormones  and  food.  Circulation  is 
the  movement  of  all  this,  the  active  integration  of  all  these 
living  parts.  Such  abstractions  occur  in  all  the  sciences. 

“Mind”  is  an  abstraction,  denoting  the  active  integration  of 
the  billions  of  nerve  cells  and  hundreds  of  nuclei  of  the  living 
brain.  It  depends  for  its  normal  function  upon  the  homeo¬ 
static  mechanisms  of  the  whole  body.  The  brain  is  con¬ 
tinually  passing  nerve  impulses  from  one  group  of  nerve  cells 
to  another.  These  are  messages.  At  lower  levels  they  have 
to  do  with  more  simple  functions  like  breathing,  digesting,  and 
locomotion.  At  higher  levels  they  reach  an  incomprehensible 
complexity  and  deal  with  symbols,  concepts,  and  memories. 
But  the  principle  is  the  same  as  at  the  lower,  more  reflex  level : 
sensory  stimuli  arouse  stored  conditioned  responses,  memories 
are  brought  in,  symbols  are  constructed,  and  the  whole  com¬ 
munication  mechanism  is  channeled  to  a  motor  outlet  to  cause 
behavior. 

It  is  the  integration  in  action,  the  relationship  of  one  part  of 
the  brain  to  another,  that  is  mind.  Mind  is  as  much  a  function 
of  the  brain  as  contraction  is  a  function  of  muscle.  It  is  merely 
so  complex  that  it  is  difficult  to  comprehend. 

To  me  mind  is  the  thing  that  I  think  with.  So  what  is 
thinking?  An  example  is  putting  2  and  2  together  to  make  4; 
or  if  you  want  to  experience  thinking  a  little  more  clearly  add 
17  and  19.  Or  even,  like  an  astronomer  whom  I  know,  extract 
square  roots  in  your  head,  instead  of  counting  sheep,  when  you 
are  sleepless.  One  may  say  that  these  mathematical  pro¬ 
cedures  can  be  done  by  computing  machines  better  than  by 
man.  My  answer  is  that  a  man  put  the  computing  machine 
together  and  put  the  information  into  it,  prescribing  how  it 
must  act,  before  the  machine  began  to  compute.  No  doubt 
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these  remarkable  machines  can  now  perform  processes  analo¬ 
gous  to  remembering,  recollecting,  acting  in  pursuit  of  a  goal, 
learning  and  weighing  evidence,  things  that  ten  years  ago 
would  have  been  confidently  called  “mental”  and  dependent 
upon  “thinking.”  Mackay  points  out  that  any  pattern  of  ob¬ 
servable  behavior  which  can  be  specified  in  terms  of  unique  and 
precisely  definable  situations  can,  in  principle,  be  imitated 
mechanically.  Perhaps  a  machine  could  be  built  to  play  chess. 
This  need  not  astound  us.  It  merely  means  that  machines  can 
do  things  that  appear  to  be  similar  to  mental  processes.  As 
Sir  Henry  Cohen  puts  it,  “to  simulate  or  imitate  proccesses 
of  the  ‘mind’  by  artifacts  (machines)  is  not  necessarily  to  ap¬ 
prehend  the  mechanism  of  the  brain.”  There  is  no  evidence 
at  all  that  the  mechanism  of  the  brain  is  similar  to  the  elec¬ 
tronic  computing  machine.  The  human  brain  is  said  to  con¬ 
tain  about  1010  nerve  cells,  related  to  each  other  by  intricate 
and  complex  pathways.  Their  interaction  could  be  analogous 
to  that  of  the  computing  machines.  It  is  pure  speculation  to 
say  that  the  brain  does  act  in  that  way. 

The  computing  machine  has  no  awareness  of  self,  it  does  not 
feel  and  know  when  it  is  thinking,  as  we  do.  To  be  able  to  do 
that  the  organism  must  be  alive.  A  computing  machine  could 
be  built  with  1010  tubes;  it  would  fill  a  very  large  house  and 
would  do  many  marvelous  things.  But  it  would  not  be  alive; 
it  would  not  feel  emotion ;  it  would  not  make  aesthetic  or  ethical 
judgments;  it  would  not  do  the  illogical  things  that  make  up 
a  large  part  of  our  behavior.  Mere  complexity  of  organization 
does  not  bring  life  with  it.  The  living  brain  that  built  the 
machine  weighed  only  about  1,400  grams. 

With  a  conviction  as  to  the  unity  of  the  organism  and  a 
working  theory  as  to  what  mind  is,  one  can  proceed  to  investi¬ 
gate  specific  psychosomatic  problems.  These  problems  exist 
at  all  levels  and  may  be  solved  by  correlating  observations  from 
any  field  of  medicine  with  psychological  observations.  There 
are  many  pertinent  problems.  What  we  need  is  clear  thinking 
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to  choose  important  questions,  and  new  methods  which  will  give 
dependable  data  to  explore  the  many  unknown  areas. 

The  aim  of  psychosomatic  medicine  is  to  solve  such  prob¬ 
lems  and  by  solving  them  to  eliminate  itself.  It  came  into 
existence  because  of  a  need  to  bring  together  rapidly  growing 
bodies  of  knowledge.  It  will  have  served  its  purpose  when 
physicians  stop  thinking  of  diseases  as  having  specific  causes, 
when  they  really  conceive  of  both  health  and  disease  as  reac¬ 
tions  of  the  human  organism  to  a  complex  internal  and  external 
environment.  This  is  the  holistic  and  ecological  point  of  view 
that  is  pervading  modern  medicine. 
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Stains,  161 

Standing  reflexes,  63,  69 
Stratigraphical  localization,  101 
Stress,  32 
Stuttering,  106 
Subacute  degeneration,  216 
Subarachnoid  hemmorrhage,  199 
Subarachnoid  space,  139,  152 
Subdural  hemorrhage,  191 
Substitutive  reactions,  291 
Suffering,  289 

Suprasegmental  mechanisms,  45 
Sylvian  fissure,  75 
Symbolization,  122 
Symbols,  269 
Sympathectomy,  51 
Sympathetic,  16 
Sympathetic  division,  18 
Synapse,  8 
Syncope,  120,  148 
Syringomyelia,  168 
System  diseases,  173,  223 

Tabes  dorsalis,  207 
Tactile  sense,  53 
Teleology,  10,  268 
Temporal  lobe,  102,  245 
Temporal  lobes,  27 
Tetanus  toxin,  175 
Thalamocortical  system,  114 
Thalamus,  59,  114 
Thrombophlebitis,  174 
Thrombosis,  197 
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Thymus,  172 
Thyroid,  172 
Tone,  47 
Tonus,  39 

Topographical  localization,  99 
Toxins,  170 
Tract,  pyramidal,  74 
reticulo-spinal,  64,  66 
rubro-spinal,  64 
vestibulo-spinal,  66 
Tracts,  extra-pyramidal,  74 
Trauma,  187 
Trichlorethylene,  170 
Tri-ortho-cresyl  phosphate,  170 
Tumor,  228 

Uncinate  gyrus  attacks,  240 
Unconscious,  117 
motivation,  263 
Unconsciousness,  119 
Uncus,  25 


Vascular  spasm,  147 
Vasoconstrictor  nerves,  141 
Vasodilator  nerves,  141 
Vasodilators,  147 
Vasomotor  center,  144 
Vasomotor  nerves,  141 
Vaso-vagal  fits,  238 
Veins,  133,  137 
Vertigo,  58 
Vestibular  nuclei,  58 
Vestibulo-spinal  tract,  66 
Virus  infection,  200 
Visceral  brain,  23 
Visceral  pain,  52 
Vitamin  deficiency,  185 
Volition,  267 
Voluntary  motion,  91 

Wallerian  degeneration,  179 
Weigert’s  stain,  161 


